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JOINT  HEARING  ON  LEVERAGING  NATIONAL 
OCEANOGRAPHIC  CAPABILITIES 


THURSDAY,  JANUARY  25,  1996 

U.S.  House  of  Representatives,  Committee  on 
Science,  Subcommittee  on  Energy  and  Environ- 
ment, Committee  on  National  Security,  Sub- 
committee ON  Military  Research  and  Develop- 
ment, AND  Committee  on  Resources,  Subcommittee 
ON  Fisheries,  Wildlife  and  Oceans 

Washington,  DC. 

The  Subcommittees  met  at  10:00  a.m.,  in  Room  2318  of  the  Ray- 
bum  House  Office  Building,  the  Honorable  Curt  Weldon,  Chairman 
of  the  Military  Research  and  Development  Subcommittee  of  the 
Committee  on  National  Security,  presiding. 

Mr.  Weldon.  Good  morning. 

This  morning,  it  gives  me  great  pleasure  to  join  my  colleagues. 
Congressman  Saxton  and  Rohrabacher,  to  co-chair  this  landmark 
hearing  between  the  National  Security  Committee's  Subcommittee 
on  Research  and  Development,  the  Fisheries,  Wildlife  and  Oceans 
Subcommittee  of  the  House  Resources  Committee,  and  the  Energy 
and  Environment  Subcommittee  of  the  House  Science  Committee. 

I  apologize  for  the  room.  We  were  originally  going  to  have  this 
in  the  larger  2118,  where  we  could  have  accommodated  everyone 
with  seats  and,  hopefully,  we've  be  able  to  ultimately  do  that,  but 
because  of  a  Bosnia  hearing  later  on,  we  had  to  move  it  to  this 
room,  which  is  a  fine  room,  except  it  doesn't  have  as  much  seating. 

So  we  hope  we  can  accommodate  everyone. 

I  believe  this  is  a  landmark  hearing  which  I  believe  will  help  set 
the  agenda  for  oceanography  throughout  the  next  decade.  Today, 
we  have  successfully  brought  together  our  nation's  leading  sci- 
entific experts  from  government,  industry,  and  academia,  in  an  ef- 
fort to  lay  the  groundwork  for  renewal  and  resurgence  of  oceanog- 
raphy in  America. 

Let  me  say  at  the  outset  that  we  have  broad-based  support  on 
this  initiative  going  in.  I  include  for  the  record  a  letter  from  Al 
Gore  to  me,  which  he  sent  to  me  in  December  prior  to  this  series 
of  hearings  on  oceanography  issues  of  the  National  Security  Com- 
mittee, and  also  a  letter  from  the  leader  in  the  Senate,  Trent  Lott, 
who  has  indicated  his  wholehearted  support  for  not  only  this  hear- 
ing, but  our  renewed  focus  on  oceanography. 

So  both  from  the  Administration  and  the  other  body,  we  are  get- 
ting public  signs  that  there  is  strong  interest  in  our  agenda  for 
1996,  relative  to  the  oceans. 

(1) 


We're  all  anxious  to  hear  from  our  panelists,  but  I'd  like  to  make 
a  few  opening  comments. 

First,  I'd  like  to  draw  attention  to  the  state  of  the  world's  oceans 
from  an  international  perspective  before  we  look  to  the  future  of 
oceanography  in  the  U.S. 

And  to  that  end,  I  would  suggest  to  our  colleagues  that  have  not 
read  Sylvia  Earle's  book,  "Sea  Change,"  that  they  do  so,  because 
perhaps  it  sets  the  tone  for  the  need  for  us  to  aggressively  look  at 
a  new  focus  on  the  oceans  in  1996  and  beyond. 

I  recently  returned  this  past  weekend  from  Russia,  where  I  vis- 
ited both  Moscow  and  St.  Petersburg,  in  Moscow  delivering  a  land- 
mark letter  from  Speaker  Gingrich  to  the  new  speaker  of  the  Rus- 
sian Duma,  Mr.  Soleviev,  where  we  advocated  setting  up  a  direct 
Duma-to-Congress  forum  similar  to  our  Congress-Bundestag  forum 
where  member  of  Congress  can  interact  with  the  Duma  on  a  vari- 
ety of  issues. 

One  of  the  leading  issues  that  will  take  precedence  in  that  new 
process  is  the  environment,  and  one  of  the  subgroups  will  be  the 
oceans. 

In  addition,  we  also  in  that  letter  asked  the  speaker  of  the  Rus- 
sian Duma  to  establish  a  direct  Internet  linkage  between  members 
of  Congress  and  the  Duma  so  that  we  can  break  down  the  barriers 
of  communication  and  communicate  directly  with  leaders,  not  just 
of  the  Russian  Duma,  but  the  other  major  parliaments  of  the 
world,  on  issues  involving  security,  energy,  other  major  concerns, 
but  certainly  the  oceans  and  the  environment. 

In  St.  Petersburg,  I  was  able  to  participate  in  a  conference  on  the 
protection  of  Russian's  northern  Arctic  environment.  The  con- 
ference was  hosted  by  the  Advisory  Committee  on  the  Protection  of 
the  Seas — ACOPS — for  which  I  serve  as  the  United  States  Vice 
President. 

This  meeting  was  a  follow-up  to  a  hearing  we  held  in  December 
in  this  Congress,  where  Alexia  Yoblakof,  one  of  the  leading  envi- 
ronmentalists in  Russia,  and  Kara  Brjoin,  the  foreign  minister  for 
the  environment  from  Norway,  spoke  before  our  subcom^mittees  on 
the  problems  of  the  Arctic  environment,  and  particularly  how  we're 
assisting  them  through  the  Department  of  Defense  in  dealing  with 
the  terrible  problem  of  dumped  nuclear  waste. 

While  this  particular  conference  focused  on  one  specific  area  of 
concern,  I  had  the  opportunity  to  discuss  the  overall  health  of  our 
ocean  environment  with  other  legislators  from  around  the  world, 
including  members  of  the  Russian  Duma,  the  Japanese  Diet,  and 
the  European  Parliament. 

It  is  clear  that  there  is  an  international  commitment  to  ensuring 
the  health  and  ecological  balance  of  our  world's  oceans.  So  it  is 
timely  that  we  gather  here  today  to  revive  our  nation's  commit- 
ment to  ocean  research  and  to  discuss  ways  to  more  effectively 
focus  our  efforts. 

Not  since  the  Presidential  Stratton  Commission  on  revitalization 
of  oceanography  over  25  years  ago,  has  there  been  this  degree  of 
interest  and  attention  to  the  importance  of  ocean  research. 

As  Chairman  of  the  Research  and  Development  Subcommittee  of 
the  House  National  Security  Committee,  which  oversees  $35  billion 
a  year  of  military  research  and  development,  much  of  it  going  to 


study  the  oceans,  I'm  very  concerned  about  what  we  know  about 
the  oceans  as  a  matter  of  national  defense  and  security. 

On  the  other  hand,  through  my  affiUation  with  ACOPS  and  my 
position  as  Chairman  of  the  Oceans  Task  Force  of  GLOBE  USA — 
Global  Legislators  for  a  Balanced  Environment — I  am  also  con- 
cerned with  ocean  research  from  an  environmental  standpoint. 

We're  going  to  combine  the  two,  even  to  a  greater  extent  than 
has  been  done  in  the  past. 

We  know  much  about  the  oceans,  but  at  the  same  time,  we  know 
very  little.  Within  the  scientific  community  and  certainly  now  in 
the  Department  of  Defense,  we  have  the  latest  powerful  super- 
computers, sensors  and  analytical  tools  that  can  unravel  the 
oceans'  secrets  to  further  aid  and  strengthen  our  defense,  under- 
stand world  weather  problems,  predict  sea  life  behavior,  protect  the 
environment,  and  develop  the  potential  to  generate  new,  improved 
industries  that  rely  on  the  oceans. 

As  a  maritime  nation,  we  should  be  concerned  about  our  ability 
to  defend  our  maritime  territories  and  maintain  our  ability  to  con- 
trol the  seas  in  wartime. 

As  citizens  and  legislators,  we  are  also  concerned  about  our 
shores  and  ocean  economic  zones.  In  particular,  we  should  focus  on: 
finding  reasons  for  the  decline  of  world-wide  fisheries;  understand- 
ing our  paucity  of  ocean  industrial  endeavors;  maintaining  the  en- 
vironmental health  of  our  oceans  and  tributaries;  and  exploring 
ways  to  prevent  certain  countries  from  continuing  to  use  the  oceans 
as  a  dumping  ground  for  nuclear  and  other  toxic  wastes. 

To  this  end,  in  the  spring  of  last  year,  Senator  Kerry  and  I  co- 
hosted  an  international  forum  on  the  oceans  on  the  Senate  side, 
where  we  had  200  leading  experts  fi*om  around  the  country  come 
to  this  city  to  talk  about  these  and  other  issues. 

Therefore,  we  in  the  Congress  have  a  responsibility  to  ensure 
that  ocean  research  continues  and  that  there  is  a  way  to  refocus 
it,  improve  technology  transfer,  and  cooperate  with  partnerships  to 
make  it  more  productive  and  effective  to  meet  the  needs  of  our 
community. 

This  is  what  this  initiative  is  all  about. 

It's  about  refocusing — setting  a  meaningful  agenda  that  meets 
the  needs  of  national  defense,  other  public  good,  and  our  industry, 
large  and  small. 

It's  about  efficiency — working  smarter,  more  efficiently  in  har- 
mony and  communication  through  partnering  arrangements. 

And  it's  about  dual-use — expanding  the  world  that  we  do  for  de- 
fense into  a  s3Tiergistic  leveraging  mechanism  for  both  defense  and 
civilian  applications. 

So  we  have  gathered  our  panelists  here  today  to  hear  their 
thoughts  about  the  best  way  to  turn  this  initiative  into  reality.  It 
is  through  their  expertise  that  we  can  determine  ways  that  govern- 
ment agencies  and  departments  can  leverage  their  oceanographic 
resources  through  partnership  relationships. 

In  addition,  we  will  supplement  this  hearing  with  a  series  of 
briefings  to  be  held  around  the  country,  to  hear  from  developers 
and  users  of  ocean  technology  at  the  regional  level. 

Our  first  briefing,  which  was  held  last  Monday  at  the  Naval  War 
College  in  Newport,  Rhode  Island,  successfully  brought  together  a 


diverse  group  who  have  developed  their  own  regional  partnerships. 
We  had  the  opportunity  to  hear  what  is  working  and  what  isn't  in 
Newport. 

Throughout  the  year,  we  will  continue  to  hear  from  those  in  the 
oceanographic  community  who  have  implemented  innovative  part- 
nerships to  more  effectively  utilize  oceanographic  resources. 

This  spring,  we  will  reconvene  back  here  in  Washington  and  ex- 
amine what  is  really  working  out  in  the  field. 

We  are  embarking  on  a  bold  and  exciting  new  adventure,  which, 
in  my  opinion,  will  shape  the  debate  about  ocean  research  for  at 
least  the  next  decade. 

Hopefully,  historians  will  remember  1996  as  the  Year  of  the 
Oceans  in  America,  and  eventually,  the  world,  as  we  prepare  for 
the  major  Oceans  International  Exposition  coming  up  in  Lisbon, 
Portugal  in  1998. 

[The  prepared  statement  of  Chairman  Weldon  follows:] 

Statement  of  Chairman  Curt  Weldon 

January  25,  1996 

Joint  Hearing  on  Leveraging  Oceanographic  Capabilities 

Military  Research  &  Development  Subcommittee 

House  National  Security  Committee 

Fisheries,  Wildlife,  &  Oceans  Subcommittee 

House  Resources  Committee 

Energy  and  Environment  Subcommittee 

House  Science  Committee 

This  morning  it  gives  me  great  pleasure  to  join  my  colleagues,  Congressmen 
Sgixton  and  Rohrabacher,  to  co-chair  this  landmark  hearing  which  I  believe  will  set 
the  agenda  for  oceanography  throughout  the  next  decade.  Today,  we  have  success- 
fully brought  together  our  nation's  leading  scientific  experts  from  government,  in- 
dustry, and  acaaemia  in  an  effort  to  lay  the  groundwork  for  a  renewal  and  resur- 
gence of  oceanography  in  Americaa. 

I  am  anxious  to  hear  from  our  distinguished  panelists,  so  I  will  keep  my  com- 
ments short.  However,  I  would  like  to  make  a  few  opening  remarks  before  we  begin. 

First.  I  would  like  to  drav/  attention  to  the  state  of  our  world's  oceans  from  an 
international  perspective  before  we  look  at  the  future  of  oceanography  in  the  United 
States.  I  recently  returned  from  St.  Petersburg,  Russia  where  I  participated  in  a 
conference  on  the  Protection  of  Russia's  Northern  and  Arctic  Environment.  The  con- 
ference was  hosted  by  the  Advisory  Committee  on  the  Protection  of  the  Sea 
(ACOPS)  for  which  I  serve  as  the  United  States  Vice  President. 

While  this  particular  conference  focused  on  one  specific  area  of  concern,  I  had  the 
opportunity  to  discuss  the  overall  health  of  our  ocean  environment  with  other  legis- 
lators from  around  the  world,  namely  members  of  the  Russian  Duma,  Japanese 
Diet,  and  European  Parliament.  It  is  clear  that  there  is  an  international  commit- 
ment to  ensuring  the  health  and  ecological  balance  of  our  world's  oceans.  So  it  is 
timelv  that  we  gather  here  today  to  revive  our  nation's  commitment  to  ocean  re- 
search and  to  discuss  ways  to  more  effectively  focus  our  efforts. 

Not  since  the  Presidential  Stratton  Commission  on  revitalization  of  oceanography, 
over  25  years  ago,  has  there  been  this  degree  of  interest  and  attention  to  the  impor- 
tance of  ocean  research.  As  Chairman  of  the  Research  and  Development  Subcommit- 
tee of  the  House  National  Security  Committee,  I  am  very  concerned  about  what  we 
know  about  the  oceans  as  a  matter  of  national  defense.  On  the  other  hand,  through 
my  affiliation  with  ACOPS  and  my  position  as  Chairman  of  the  Oceans  Task  Force 
of  GLOBE  USA  (Global  Legislators  for  a  Balanced  Environment),  I  am  also  con- 
cerned with  ocean  research  from  an  environmental  standpoint. 


We  know  much  about  the  oceans  but  at  the  same  time,  we  know  very  little.  With- 
in the  scientific  community  and  certainly  now  in  the  Departm.ent  of  Defense,  we 
have  the  latest  powerful  super  computers,  sensors  and  analytical  tools  that  can  un- 
ravel the  oceans  secrets  to  further  aid  and  strengthen  our  defense,  understand 
world  weather  problems,  predict  sea  life  behavior,  protect  the  environment,  and  de- 
velop the  potential  to  generate  new  improved  industries  that  rely  on  the  oceans. 

As  a  maritime  nation,  we  should  be  concerned  about  our  ability  to  defend  our 
maritime  territories  and  maintain  our  ability  to  control  the  seas  in  wartime.  As  citi- 
zens and  legislators,  we  are  also  concerned  about  our  shores  and  ocean  economic 
zones.  In  particular,  we  should  focus  on:  finding  reasons  for  the  decline  of  worldwide 
fisheries;  understanding  our  paucity  of  ocean  industrial  endeavors;  maintaining  the 
environmental  health  of  our  oceans  and  tributaries;  and  exploring  ways  to  prevent 
certain  countries  from  continuing  to  use  the  oceans  as  a  dumping  ground  for  nuclear 
and  other  toxic  wastes. 

Therefore,  we  in  the  Congress  have  a  responsibility  to  ensure  that  ocean  research 
continues  and  that  there  is  a  way  to  refocus  it,  improve  technology  transfer,  and 
cooperate  through  partnerships  to  make  it  more  productive  and  effective  to  meet  the 
needs  of  the  community.  This  is  what  our  initiative  is  about. 

•  It's  about  refocusing, — setting  a  meaningful  agenda  that  meets  the  needs  of  na- 

tional defense,  other  public  good,  and  our  industry,  large  and  small. 

•  It's  about  efficiency, — working  smarter  more  efficiently  in  harmony  and  commu- 

nication through  partnering  arrangements. 

•  It's  about  dual  use, — expanding  the  work  that  we  do  for  defense  into  a  synergistic 

leveraging  mechanism  for  both  defense  and  civilian  applications. 

So  we  have  gathered  our  panelists  here  today  to  hear  their  thoughts  about  the 
best  way  to  turn  this  initiative  into  reality.  It  is  through  their  expertise  that  we 
can  determine  ways  that  government  agencies  and  departments  can  leverage  their 
oceanographic  resources  through  partneringg  relationships. 

In  addition,  we  will  supplement  this  hearing  with  a  series  of  briefings  to  be  held 
around  the  country  to  hear  from  developers  and  users  of  ocean  technology  at  the 
regional  level.  Our  first  briefing,  which  was  held  last  Monday  at  the  Naval  War  Col- 
lege in  Newport  RI,  successfully  brought  together  a  diverse  group  who  have  devel- 
oped their  own  regional  partnerships.  We  had  the  opportunity  to  hear  what  is  work- 
ing and  what  isn't  in  Newport.  Throughout  the  year,  we  will  continue  to  hear  from 
those  in  the  oceanographic  community  who  have  implemented  innovative  partner- 
ships to  more  effectively  utilize  oceanographic  resources.  This  spring,  we  will  recon- 
vene back  here  in  Washington  and  examine  what  is  really  working  out  in  the  field. 

We  are  embarking  on  a  bold  and  exciting  new  initiative  which  in  my  opinion  will 
shape  the  debate  about  ocean  research  for  the  next  decade.  So  I  am  now  anxious 
to  hear  from  the  experts. 

Mr.  Weldon.  At  this  point  in  time,  I'd  like  to  recognize  a  distin- 
guished leader  on  ocean  issues,  whose  breadth  and  scope  of  envi- 
ronmental concerns  is  unparalleled  by  anyone  in  this  Congress,  the 
distinguished  chairman  of  the  Fisheries,  Wildlife  and  Oceans  Sub- 
committee of  the  House  Resources  Committee,  Mr.  Jim  Saxton. 

Mr.  Saxton.  Thank  you  very  much,  Mr.  Chairman,  for  the  oppor- 
tunity to  be  here  today. 

I  am  pleased  that  the  three  subcommittees  are  meeting  today  to 
begin  a  complete  review  of  the  Federal  Government's  oceanogi'aphy 
program. 

No  such  comprehensive  review  has  been  undertaken  in  more 
than  20  years,  and  that  lack  of  oversight  has  kept  oceanography 
funding  from  keeping  pace  with  the  overall  U.S.  research  funding 
programs. 

The  primary  interest  of  our  subcommittee,  the  Subcommittee,  as 
you  just  mentioned,  Mr.  Chairman,  on  Fish,  Wildlife,  and  Oceans, 
is  the  National  Oceanic  and  Atmospheric  Administration.  The 
agency  conducts  both  basic  oceanographic  research  and  research 
that  is  focused  on  providing  assistance  to  the  agency's  management 
and  operational  programs. 


One  of  the  primary  issues  NOAA  is  now  facing  is  how  to  continue 
to  gather  the  data  necessary  to  carry  out  the  agency's  functions 
with  its  aging  and  dwindUng  research  fleet. 

I  hope  these  hearings  will  give  us  the  information  necessary  to 
make  decisions  about  the  future  of  NOAA  as  a  ship-owning  and  op- 
erating-agency. I  also  hope  these  hearings  will  lead  to  a  higher  pro- 
file for  NOAA's  ocean  and  coastal  programs  within  the  agency,  and 
to  better  integration  of  NOAA's  programs  with  those  of  the  Navy 
and  the  National  Science  Foundation. 

We  truly  have  an  impressive  group  of  witnesses  here  today,  and 
I  thank  all  of  you  for  coming  and  look  forward  to  your  testimony. 

Mr,  Weldon.  Thank  you,  Mr.  Saxton.  I'd  like  to  also  ask  for 
opening  welcomes  from  the  actual  host  for  our  hearing  today.  I'm 
a  member  of  bis  subcommittee,  besides  chairing  the  R&D  sub- 
committee for  security,  a  distinguished  colleague  and  a  friend  and 
an  activist  on  the  Science  Committee  and  in  this  Congress,  Dana 
Rohrabacher  from  California,  who  chairs  the  Energy  and  Environ- 
ment Subcommittee  for  the  House  Science  Committee. 

Mr.  Rohrabacher.  Thank  you,  Chairman  Weldon. 

First  of  all,  I'd  like  to  note  that  I  come  from  a  coastal  district  and 
Chairman  Weldon  does  not  come  from  a  coastal  district.  He's  from 
a  land-locked  district.  I'd  like  to  commend  him  for  being  from  a 
land-locked  district,  yet  having  an  incredible  interest,  an  overriding 
interest  in  ocean  research  and  what  we  do  and  how  we  relate  to 
this  part  of  the  planet,  this  majority  part  of  the  planet. 

I  want  to  also  commend  you.  Chairman  Weldon,  for  these  hear- 
ings today.  This  is  an  important  step  in  raising  the  awareness  of 
this  Congress,  as  well  as  the  public,  to  the  importance  of  ocean  re- 
search. 

I  am  well  aware  of  the  Chairman's  dedication  because,  as  you've 
just  said,  Mr.  Chairman,  you  are  also  a  member  of  the  Energy  and 
Environment  Subcommittee,  of  which  I  chair. 

This  is  a  timely  hearing  and  our  choices  are  not  going  to  get  any 
easier  as  we  move  towards  a  balanced  budget.  The  choices  we  are 
going  to  have  to  make  are  going  to  be  tougher  and  tougher,  and 
that  includes  the  choices  that  we're  making  in  terms  of  oceano- 
graphic  research. 

We  have  to  set  priorities  in  all  areas  of  scientific  research  to 
make  sure  that  we  get  the  best  use  out  of  all  available  funds. 

For  example,  the  questions  we  have  to  ask,  what  priority  do  we 
place  on  basic  research  in  oceanographic  research,  as  compared,  for 
example,  to  commercial  development,  such  as  marine  parks?  Other 
questions — how  can  the  government  and  the  university  community 
make  better  use  of  private-sector  dollars  in  research  projects? 

We  will  also  hear  today  from  top  civilian  and  defense  policy-mak- 
ers on  the  potential  of  dual-use  technologies.  I'm  very  excited  about 
that  and  very  interested  in  that  area.  I  think  that  not  only  will 
dual-use  technologies  in  this  area  be  very  beneficial  to  our  country, 
but  also  in  other  areas.  And  I'm  very  happy  that  Chairman  Weldon 
is  drawing  attention  to  those  today  in  terms  of  the  area  of  oceano- 
graphic research  and  dual-use  technologies  in  that  area. 

Ajid  we  need  to  find  out,  consistent  with  that,  how  civilian  agen- 
cies can  work  with  defense-related  agencies  in  order  to  unlock  the 
mysteries  of  the  sea.  There's  a  lot  that  government  can  learn  from 


itself.  Not  only  can  we  have  public/private  sector  partnerships,  but 
different  agencies  in  government  should  work  together. 

As  a  congressman  from  a  coastal  district,  I  do  take  this  hearing 
very  seriously.  I  spend  a  lot  of  time  in  the  water,  in  the  ocean,  and 
I'm  keenly  aware  of  the  importance  of  oceanographic  research. 

I  believe  we  can  fill  this  need,  however,  without  the  massive  in- 
fusion of  new  federal  funds,  basically  with  streamlining  and  con- 
solidating programs,  more  involvement  of  the  private  sector  and 
lowering  the  barriers  of  dual-use  technology,  as  Chairman  Weldon 
has  mentioned. 

So  I  applaud  you,  Mr.  Chairman,  for  your  dedication  on  this 
issue  and  look  forward  to  our  two  subcommittees  working  together 
on  this  area  of  shared  jurisdiction. 

Thank  you. 

Mr.  Weldon.  Thank  you,  Mr.  Rohrabacher.  And  as  you  can  see, 
we  have  three  subcommittees,  so  three  chairmen  acting  today.  We 
have  three  very  distinguished  and  capable  ranking  members.  It  is 
an  extreme  pleasure  for  me  to  ask  for  his  opening  comments,  our 
leading  Ranking  Member  who  is  present  today,  who  has  been  a  dy- 
namic leader  in  the  Congress  on  environmental  issues  and  is  a 
good  friend  and  someone  who  I  have  the  highest  respect  for,  Mr. 
Tim  Roemer. 

Mr.  Roemer.  Thank  you,  Mr.  Chairman.  I'm  delighted  to  be  here. 
My  voice  did  not  accompany  me  this  morning,  so  I  will  be  brief.  I 
will  ask  unanimous  consent  to  submit  my  opening  statement  and 
just  make  some  brief  remarks. 

First  of  all,  I'd  just  like  to  say  that  we  have  a  distinguished  gath- 
ering of  our  subcommittees  this  m.orning.  In  an  almost  historic 
way,  we  have  an  equally  distinguished  panel  that  I  am  very  much 
looking  forward  to  hearing  your  expertise  and  your  testimony  on 
some  very  important  subjects  here  this  morning. 

As  we  talk  in  the  United  States  Government  today.  Democrats 
and  Republicans,  about  downsizing  government  and  balancing  the 
budget,  both  of  which  I  support,  the  question  becomes  not  when  we 
do  it,  but  how  we  do  it,  and  how  we  include  the  expertise  of  people 
at  this  panel  to  help  us  make  some  very  difficult  decisions  about 
some  very  important  research  that  is  going  on  in  our  oceans. 

Now  just  as  we've  just  gleaned  tremendous  results  and  successes 
from  the  Galileo  and  Hubble  experiments  in  space,  I  think  we  have 
equally  spectacular  possibilities  of  success  in  our  oceans. 

So  I'm  hopeful  that  we  can  do  this  in  a  cooperative  way,  a  way 
by  which  we  enhance  our  ability  to  glean  resources  together  in  the 
most  efficient  manner,  that  we  have  possibilities  to  put  our  re- 
sources together  in  such  capital  funding  areas  which  are  so  expen- 
sive for  satellites  and  ocean  vessels,  which  will  need  cooperation 
between  our  different  agencies  if  we're  going  to  see  cuts,  that  we 
see  a  prudent  policy  put  forward  in  terms  of  declassification  of  in- 
formation, and  that  we  also  see  a  coordination  not  just  of  our  com- 
mittees here  this  morning,  but  of  our  agencies  out  there  rep- 
resented by  this  distinguished  panel. 

I'm  very  excited  about  the  possibilities  here  this  morning,  about 
the  information  that  we'll  glean  from  this  panel,  and  I  hope  that 
we  will  take  to  hear  your  information  and  not  just  set  arbitrary 
levels  to  cut  at  25  or  33  or  40  percent,  but  find  v.ays  by  which  we 
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can  put  agencies  together  in  more  creative  and  innovative  ways  so 
that  we  do  not  hurt  the  important  research  that  will  take  place  in 
such  a  vital  area  as  our  oceans. 

With  that,  Mr.  Chairman,  I  yield  back  the  balance  of  my  time, 
or  because  maybe  I'm  the  only  Ranking  Member  here  that's  rep- 
resented, I  would  ask  you  that  Mr.  Rohrabacher  and  I,  can  we  get 
our  budget  tripled  by  the  lack  of  representation  from  the  other 
committees. 

[Laughter.] 

[The  prepared  statement  of  Congressman  Roemer  follows:] 

Opening  Statement,  Rep.  Tim  Roemer,  Hearing  on  Leveraging  National 
oceanographic  capabilities,  thursday,  january  25,  1996 

Mr.  Chairman,  oceanography  is  a  broad  term  that  encompasses  all  research  ad- 
dressing the  structure,  dynamics  and  ecosystems  of  oceanic  and  coastal  zone  areas. 
It  involves  many  disciplines:  chemists  follow  the  chemistry  of  the  open  ocean  and 
the  shores;  physicists  chart  the  fluid  dynamics  of  the  ocean  which  have  great  effect 
of  weather  patterns;  geologists  chart  the  topography  of  "land  under  water";  biolo- 
gists investigate  ocean  life;  and  engineers  design  the  tools  they  all  need  to  conduct 
this  research. 

As  a  result,  federal  oceanography  support  comes  from  a  diverse  category  of  agen- 
cies, from  science  to  military  to  intelligence  to  environmental.  This  diversity  fre- 
quently has  not  been  a  benefit  to  the  oceanographic  community.  It  is  difficult  to 
form  partnerships,  keep  them  funded,  fairly  disseminate  information,  maintain  ex- 
pensive equipment,  ana  further  the  goals  of  our  oceanographic  research  community. 

With  a  shrinking  federal  budget  that  is  causing  rapid  reductions  in  federal  invest- 
ment in  research  and  development,  we  need  to  know  what  the  impact  will  be  on 
important  programs  such  as  oceanography.  What  will  the  private  sector  be  able  to 
pick  up?  What  is  the  proper  role  of  the  university  community?  Who  has  the  re- 
sources to  support  the  expensive  capital  funding  required  for  research,  to  support 
the  research  vessels  and  whole  ocean  experiments? 

These  questions  are  critical  not  only  because  of  the  shrinking  budget,  but  because 
of  changing  priorities  within  the  U.S.  military.  The  end  of  the  Cold  War  has  meant 
that  much  of  the  Navy's  Oceanographic  study  will  be  discontinued.  Major  hardware 
will  be  retired.  A  great  resource  will  cease  to  exist.  Although  the  Navy  is  working 
to  declassify  much  of  the  information  they  hold — superior  information — the  future 
of  these  other  assets  is  in  doubt. 

The  answer  to  continued  quality  oceanic  research  in  times  of  rapidly  shrinking 
budgets  might  seem  to  be  cooperation  and  sharing  of  resources  among  concerned 
agencies.  But  the  result  in  this  field  has  been  just  the  opposite.  Oceanic  research 
is  simply  not  the  highest  priority  for  many  of  these  agencies,  and  partnerships  are 
being  dissolved  in  the  middle  of  data  collection  phases,  and  data  from  such  projects 
permanently  lost.  Joint  agency  commitments  to  oceanographic  research  are  diiiicult 
to  maintain  in  strict  budget  times,  and  critical  research  opportunities  fall  through 
the  cracks,  and  some  may  be  irretrievable. 

The  course  for  downsizing  in  a  way  that  cuts  unnecessary  spending  but  preserv- 
ing needed  research  is  a  decidedly  tricky  one,  and  we  need  a  concrete  planning  ef- 
fort to  achieve  one  that  will  succeed.  While  I  am  pleased  to  learn  more  about  the 
scientific  history  and  potential  of  our  oceanographic  infrastructure  and  what  value 
it  has  to  our  nation  and  its  people,  it  is  my  hope  to  also  address  the  larger  budget 
questions  that  affect  such  R&D,  and  how  these  witnesses  feel  that  our  budget  prob- 
lems will  affect  this  necessary  and  important  research. 

Mr.  Weldon.  We  can  work  on  a  deal. 

Mr.  Roemer.  All  right. 

[Laughter.] 

Mr.  Weldon.  Thank  you,  Mr.  Roemer,  for  those  excellent  state- 
ments and  comments  and  we  look  forward  to  your  leadership  on 
the  Democratic  side. 

I'd  like  to  ask  our  colleagues  from  Virginia  or  Maryland  if  they 
like  to  make  opening  statements? 

Mr.  Gilchrist  or  Mr.  Bateman? 


Mr.  Gilchrist.  I'd  just  say  something  very  quick  since  Mr.  Roe- 
mer  mentioned  something  about  the  space  programs  and  how  we 
need  to  coordinate. 

I  suppose  if  all  of  us,  or  some  of  us,  were  in  a  space  shuttle  going 
out  to  space  and  we  represented — one  person  represented  the 
science  community,  one  person  represented  the  government,  one 
person  represented  the  private  sector  or  whatever,  that  they  prob- 
ably wouldn't  craw  into  each  other's  corner  on  the  space  shuttle.  As 
they  traveled  through  this  hostile  environment,  they  would  work 
together  to  preserve  the  few  resources  they  had  so  that  they  could 
survive  their  trip  back  to  earth. 

And  I  think,  to  a  large  extent,  the  planet  earth  is  in  that  same 
infinite,  hostile  environment.  And  so  it's  encumbent  upon  each  of 
us — the  scientists,  the  military,  the  private  sector,  the  elected  offi- 
cials, to  take  the  responsibility  to  contribute  as  much  time,  energy 
and  expertise  as  they  can  muster  to  protect  what  in  essence  the 
blood  of  life  in  the  human  body  and  the  water  on  the  planet  are 
the  same  thing. 

So  I  look  forward  to  these  hearings  and  I  thank  the  gentleman 
from  Pennsylvania,  who  may  not  live  in  a  coastal  district,  but  his 
district  certainly  impacts  my  district  because  water  runs  down- 
hill  

[Laughter.] 

Mr.  Gilchrist,  (continuing)  for  calling  on  this  hearing. 

Mr.  Weldon.  I  thank  my  friend  and  colleague. 

Mr.  Kennedy? 

Mr.  Kennedy.  Thank  you,  Mr.  Chairman. 

As  most  of  you  know  who  have  watched  the  news  as  of  late,  my 
state  is  suffering  from  a  terrible  oil  spill  in  Rhode  Island.  We  know 
first-hand  about  the  importance  of  studying  the  ocean  so  that  we 
can  better  predict  current  flows,  the  impacts  of  environmental  deg- 
radation and  pollution,  how  this  manifests  itself  in  the  shell-fishing 
industry,  the  tourism  industry. 

It's  just  been  an  awful  reminder  in  our  state  as  to  how  precious 
our  natural  resources  are  when  something  like  this  happens. 

I  can  tell  you  from  our  hearing  on  Monday,  Mr.  Chairman,  where 
you  came  up  to  Rhode  Island  and  we  had  a  hearing  at  the  Naval 
War  College,  much  of  the  research  that's  going  on  currently  within 
the  Department  of  the  Navy  to  research  our  literal  environment, 
the  coastal  zone,  can  have  great  application  in  studying  the  envi- 
ronmental aspects  of  the  coastal  zone. 

And  what  we're  interested  in  our  state  is  to  take  the  great 
knowledge  base  that  comes  fi*om  having  the  Naval  Undersea  War- 
fare Center  in  our  state  and  the  University  of  Rhode  Island,  which 
is  pre-eminent  in  the  universities  around  the  country  in  its  study 
of  marine  sciences,  take  the  synergy  that  can  come  from  the  two 
of  those  and  put  it  to  good  use  in  protecting  our  coastal  zone. 

It's  already  come  in  handy  with  this  latest  oil  spill  in  helping  to 
predict  where  the  oil  flow  is  going  and  helping  to  boom  off  those 
areas  that  are  most  sensitive. 

But  I  want  to  add,  Mr.  Chairman,  that  I  appreciate  the  oppor- 
tunity to  hear  the  panelists  today  and  I  have  som.e  other  comments 
and  questions  later  on  that  I  look  forward  to  asking. 

Mr.  Weldon.  Thank  you,  Mr.  Kennedy. 
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Ms.  Johnson  or  Mr.  Meehan,  do  either  of  you  have  opening  state- 
ments you'd  hke  to  make?  Thank  you  both  for  attending. 

Would  you  hke  to  make  an  opening  statement? 

Ms.  Johnson.  Just  a  short  one.  I  want  to  first  express  my  appre- 
ciation for  bringing  the  three  committees  together  to  have  this 
hearing  and  to  thank  this  most  distinguished  panel  for  being  here. 
I  look  forward  to  hearing  from  you. 

I'm  from  Dallas,  Texas,  and  the  only  ocean  we  have  is  the  Trinity 
River. 

[Laughter.! 

But  I  would  like  most  of  you,  if  you  could,  to  comment  on  the 
public/private  partnerships  and  other  types  of  research  as  well  as 
you  give  your  testimony. 

I  would  hate  to  miss  this  opportunity  with  such  a  distinguished 
panel  because  I'm  very,  very  supportive  and  strongly  interested  in 
the  public/private  partnerships  in  research  and  development. 

So  I  thank  you  very  much. 

[The  prepared  statement  of  Congresswoman  Johnson  follows:] 

OPENING  STATEMENT 

THE  HONORABLE  EDDIE  BERNICE  JOHNSON 

JOINT  HEARING  ON  OCEANOGRAPHY 

25  JANUARY  1996 

Thank  j-ou,  Mr.  Chainnan. 

With  the  changes  taking  place  in  the  Department  of  Defense  regarding  the  shar- 
ing of  information  about  the  ocean,  we  now  have  a  clear  opportunity  to  Team  more 
about  the  role  the  ocean  plays  in  such  fields  as  energy  production. 

I  look  forward  to  the  testimony  today  concerning  basic  and  applied  research  in 
the  field  of  oceanography.  I  hope  the  witnesses  can  comment  on  energy  opportuni- 
ties that  could  flow  from  this  research. 

Looking  at  the  quality  of  the  witnesses  that  will  testify  before  us  today,  I  would 
also  ask  that  the  witnesses  comment  in  general  terms  about  the  research  and  devel- 
opment policy  of  the  Nation  in  fields  other  than  oceanography.  It  has  been  a  prime 
concern  of  many  of  us  on  the  Committee  on  Science  that  the  Nation's  investment 
in  research  and  public-private  partnerships  is  declining  at  a  time  when  the  Nation 
needs  to  commit  itself  to  advancing  our  technology.  Perhaps  some  of  our  witnesses 
could  comment  on  our  needs  in  these  areas. 

I  commend  all  three  of  the  Committees  involved  here  today  for  holding  this  hear- 
ing, and  I  look  forward  to  receiving  the  testimony  of  our  most  distinguished  panel. 

Mr.  Weldon.  Thank  you,  Ms.  Johnson.  And  before  we  proceed 
with  our  distinguished  panel,  I've  asked  the  host/chairman  if  he 
would  mind,  if  staff  wants  to  sit  in  the  first  row,  they  can  feel  free 
to  do  so,  and  that  would  then  free  up  some  seats  for  those  who  are 
currently  standing  in  the  back. 

So  any  of  you  v/ho  are  staff  who  would  like  to  m.ove  out  of  seats 
and  move  up  into  here,  you're  welcomed  to  do  that,  and  that  would 
then  free  up  some  other  seats. 

Our  panel  today  is  certainly  a  distinguished  panel.  And  as  I  said, 
this  is  certainly  a  landmark  hearing. 

We  will  start  with  Doctor — and  I'll  introduce  each  of  them,  then 
we'll  have  the  entire  panel  proceed,  and  then  we'll  open  it  up  for 
questions: 

Dr.  Robert  Ballard  is  senior  scientist  and  director  of  the  Center 
of  Marine  Exploration  at  the  Woods  Hole  Oceanographic  Institute. 
He  will  be  our  first  witness. 
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Dr.  Bruce  Alberts,  president  of  the  National  Academy  of 
Sciences,  will  be  our  second  witness. 

Dr.  Neai  Lane,  director  of  the  National  Science  Foundation,  will 
be  our  third  witness. 

Dr.  James  Baker,  administrator  of  the  National  Oceanic  and  At- 
mospheric Administration,  will  be  our  fourth  witness. 

Admiral  Jeremy  Boorda,  USN,  chief  of  naval  operations.  Depart- 
ment of  the  Navy,  will  be  our  fifth  witness.  He  is  on  his  way  here. 
His  plane  just  landed.  He  will  be  here  shortly. 

Rear  Admiral  Paul  Gaffney,  commander  of  the  Navy,  Meteoro- 
logical and  Oceanographic  Command  at  the  Stennis  Space  Center, 
will  be  our  sixth  witness. 

Dr.  Robert  Frosch,  Center  for  Science  smd  International  Affairs, 
the  John  F.  Kennedy  School  at  Harvard  University,  will  be  our  sev- 
enth witness. 

And  batting  ciean-up  today,  and  certainly  someone  who  needs  lit- 
tle introduction,  a  good  friend,  Admiral  Jim  Watkins  [retired],  who 
is  the  director  of  the  Consortium  for  Oceanographic  Research  and 
Education. 

We're  pleased  and  proud  to  have  all  of  you  here.  And  with  that. 
Dr.  Ballard,  we  will  welcome  you  and  we  will  accept  your  state- 
ment for  the  record  and  would  invite  you  to  make  whatever  com- 
ments you'd  like  so  that  v/e  can  get  into  the  questions. 

Dr.  Ballard? 

STATEMENT  OF  DR.  ROBERT  D.  BALLARD,  SENIOR  SCIENTIST 
DIRECTOR,  CENTER  OF  MARINE  EXPLORATION,  WOODS 
HOLE  OCEANOGRAPHIC  INSTITUTION 

Dr.  Ballard.  Mr.  Chairman,  I'd  like  to  divide  the  time  I've  been 
given  to  a  formal  presentation  and  then  leave  as  much  as  possible 
to  questions  you  may  want  to  ask  of  myself  and  other  members  of 
our  panel. 

I've  already  submitted  a  lengthy  version  of  my  testim.ony,  which 
I  will  now  attempt  to  summarize. 

Modern  research  now  suggests  that  all  humans  on  the  face  of  our 
planet  have  come  from  a  common  heritage  that  can  be  traced  back 
to  the  eastern  plains  of  Africa,  and  that  during  the  last  200,000 
years,  our  ancestors  have  journeyed  forth  from  their  birthplace  to 
populate  the  planet. 

Now  many  factors  have  led  to  the  global  expansion  of  our  fore- 
fathers. For  one  reason  or  another,  the  fact  remains,  our  species 
now  dominates  the  planet,  having  conquered  many  of  the  forces 
that  held  us  in  check  for  oh  so  many  millenniums. 

Instead  of  being  controlled  by  the  forces  of  nature,  we  are  nov/ 
beginning  to  alter  nature  itself. 

Some  demographers  now  tell  us  that  there  are  more  humans 
alive  today  than  have  ever  died  since  the  beginning  of  our  species. 
And  what  took  us  200,000  years  to  reach,  we  will  double  again  as 
we  struggle  through  just  the  next  century. 

Despite  the  rhetoric  about  the  need  to  control  the  population,  we 
continue  to  multiply,  entering  an  era  where  reproduction  is  now 
endangering  our  existing  instead  of  ensuring  our  sun'ival. 

But  I  am  not  here  toda^v  to  talk  about  controlling  the  world's  pop- 
ulation. I'm  simply  an  underwater  explorer  who  has  spent  the  last 
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30  years  of  my  professional  career  beneath  the  sea  exploring  its 
many  wonders.  And  I  would  like  to  take  the  next  few  minutes  that 
I  have  to  tell  you  about  what  I've  seen  and  to  try  to  guess  what 
I  think  the  future  might  hold  for  us,  given  the  clear  fact  of  our  con- 
tinuing growth  and  the  need  of  our  peoples  for  more  space  and  re- 
sources. 

Despite  our  globe-trotting  abilities,  our  species  has  not  colonized 
any  new  land  masses  on  the  planet  since  the  colonization  of  the 
new  world,  which  began  in  the  15th  century. 

Today,  the  primary  activities  of  our  species  is  still  confined  to 
less  than  25  percent  of  the  planet,  historically  held  at  bay  by  the 
aquatic  world  that  has  resisted  our  colonizing  ways. 

Ironically,  instead  of  turning  to  the  sea  for  our  future,  we  have, 
and  I  believe  in  many  ways,  validly  turned  our  eyes  to  the  heavens, 
convinced  that  maybe  the  future  lay  in  space. 

Perhaps  some  day  that  will  come.  But  I  am  convinced  not  in  time 
to  save  us  from  the  path  that  we  find  ourselves  on  right  now. 

I  want  to  make  you  understand  that  I  am  a  strong  supporter  of 
the  space  program.  In  fact,  as  an  oceanographer,  I've  been  envious 
of  their  ability  to  bring  together  science,  industry,  and  academia  to 
work  together  in  a  common  path.  And  I  hope  that  one  of  the  by- 
products of  this  hearing  will  bring  the  community  that  sits  behind 
me  together  as  much  as  the  committees  in  front  of  me. 

But  I  find  it  ironic  that  humans  have  lived  in  space  now  for 
longer  periods  of  time  than  they've  ever  lived  underwater.  In  fact, 
recent  congressional  action  is  forcing  us  to  abandon  our  only  under- 
water research  facility  where  scientists  are  able  to  live  beneath  the 
sea  for  extended  periods  of  time. 

Isn't  it  interesting  that  Congress  has  been  funding  studies  to 
look  at  potential  colonization  of  the  moon,  but  we've  never,  to  my 
knowledge,  initiated  a  study  on  how  we  might  colonize  the  oceans. 

To  me,  the  most  important  image  to  come  out  of  the  space  pro- 
gram was  when  an  astronaut  on  his  way  to  the  moon  trained  his 
cameras  back  over  his  shoulder  and  captured  an  image  of  a  very 
small,  greenish-blue  planet  embedded  in  a  black  velvet  void  of 
nothingness. 

Ironically,  we  have  good  topographic  maps  now  of  the  far  side  of 
the  moon,  of  its  volcanic  craters,  than  similar  features  in  our  own 
exclusive  economic  zone  just  off  our  shores. 

Wlien  President  Reagan  signed  the  law  creating  the  exclusive 
economic  zone,  the  size  of  America  doubled.  Yet,  most  of  this  mod- 
ern-day Louisiana  Purchase  remains  unexplored.  The  largest  single 
feature  on  the  surface  of  the  planet  is  the  Mid-Ocean  Ridge,  which 
covers  a  quarter  of  the  planet's  total  surface  area.  Yet,  despite  its 
tremendous  size  and  the  critical  role  this  mountain  range  plays  in 
the  origin  of  the  earth's  outer  skin,  Neil  Armstrong  walked  on  the 
moon  before  the  first  human  beings  entered  the  largest  feature  on 
earth,  when  they  dove  to  the  rift  valley  of  the  Mid-Ocean  Ridge  in 
1973. 

Few  people  realize  that  there  are  more  active  volcanoes  under- 
water than  on  land,  or  know  of  the  great  plains  that  dwarf  those 
in  America,  or  of  the  canyons  that  are  far  greater  than  the  Grand 
Canyon,  or  that  the  mighty  Rocky  Mountains  would  fit  into  a  small 
portion  of  the  Mid-Ocean  Ridge. 


13 

Given  the  emergence  of  advanced  robotic  technology,  fiber-optics, 
micro-processors,  autonomous  vehicles,  telecommunications,  and 
many  other  nev/  advances,  the  oceans  will  no  longer  be  a  barrier 
of  human  activity. 

Given  our  exploding  population  and  given  the  continued  develop- 
ment of  advanced  technolog}^  I  truly  believe  the  21st  century  will 
usher  in  an  explosion  of  human  activity  in  the  sea. 

I  am  convinced  that  the  next  generation  will  explore  more  of 
earth — that  is,  the  71  percent  that's  underwater — than  all  previous 
generations  combined. 

And  just  as  Lewis  and  Clark's  exploration  of  the  Louisiana  Pur- 
chase led  to  the  settling  of  the  west,  the  exploration  of  the  sea  will 
lead  to  its  subsequent  colonization. 

The  gathering  and  hunting  of  the  living  resources  of  the  sea,  an 
rctivity  of  primitive  societies  on  land  and  which  have  led  to  the 
near  extinction  of  important  fisheries  in  our  oceans,  will  be  re- 
placed at  sea  by  farming  and  herding. 

High-tech  barbed  wire  in  the  form  of  acoustic,  thermal  and  other 
barrier  techniques  will  emerge  to  control  and  manage  the  living  re- 
sources of  the  sea.  Oil  and  gas  exploration  and  exploitation  will 
continue  moving  into  deeper  and  deeper  water.  Underwater  parks, 
memorials  and  reserves  will  expand  in  size  and  scope  until  the  TI- 
TANIC and  other  historic  ships  like  her  are  easily  visited  by  tour- 
ists using  tele-operated  robots  in  the  comfort  of  their  home  on  the 
information  highway. 

When  ships  and  other  pieces  of  human  history  fall  into  the  deep 
sea,  they  enter  a  deep  freeze,  characterized  by  eternal  darkness, 
freezing  temperatures,  and  enormous  pressures.  Some  estimate 
that  there  is  more  human  history  preserved  in  Davy  Jones's  locker 
than  all  the  museums  of  the  world  combined. 

The  Black  Sea  and  its  anaerobic  bottom  water  will  give  up  some 
of  the  oldest  and  best  preserved  ships  of  ancient  history,  perhaps 
lost  at  a  similar  time  when  Jason  and  the  Argonauts  traversed 
these  same  waters  in  search  of  the  Golden  Fleece. 

In  recent  years,  we  have  discovered  mineral  deposits  in  the  deep 
sea  similar  to  those  mined  for  centuries  on  islands  like  Cj^Drus. 
They  contain  high  concentrations  of  copper,  lead  and  sulfur,  as  well 
as  silver  and  gold.  And  their  formation  continues  today  in  the  vast 
hydrothermal  vent  systems  of  the  Mid-Ocean  Ridge.  These  long  lin- 
ear mineral  deposits  may  some  day  prove  important  resources  for 
the  next  generation. 

And  the  unique  ecosystems,  the  chemosjmthetic  life  forms  that 
live  around  these  hydrothermal  vents,  are  processing  toxic  mate- 
rials which  are  associated  with  that  venting  phenomenon.  Perhaps 
some  day  we'll  be  able  to  bio-engineer  those  organisms  to  convert 
a  portion  of  our  waste  products  into  less  harmful,  or  even  commer- 
cially valuable,  b3qDroducts. 

Now  whether  this  occurs  during  the  next  generation's  time  on 
earth,  time  will  only  tell.  But  I  am  convinced  that  much  of  what 
I  have  just  outlined  will  come  to  pass. 

The  question  is  not  will  these  things  come  to  pass.  The  question 
is  what  nation  will  lead  the  way? 
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Had  I  been  asked  this  question  a  mere  five  years  ago,  I  would 
have  said,  without  question,  the  United  States  of  America  will  lead 
the  way.  But  now  I'm  not  so  sure. 

Just  a  few  years  ago,  America  had  a  tremendous  lead,  an  incred- 
ible lead  in  ocean  research  and  engineering  that  all  nations  of  the 
world  envied.  But  I'm  not  so  sure  that  we  can  continue  to  lead  the 
way. 

We  have  become  totally  preoccupied  with  the  present.  We  have 
forgotten  that  we  are  not  about  to  enter  the  next  decade.  We're  not 
about  to  enter  the  next  century.  We're  about  to  enter  the  next  mil- 
lennium. And  now  is  the  time  not  to  be  short-sighted.  Now  is  the 
time  to  form  a  vision  of  the  future  and  to  strive  collectively  towards 
that  distant  star. 

America  is  a  nation  of  pioneers  with  a  long  history  of  exploration 
and  we  are  a  critical  crossroads  that  is  not  only  important  to  our 
country,  but  to  the  human  species. 

There  is  no  doubt  in  my  mind  that  a  better  understanding  of  the 
oceans  and  the  land  surface  beneath  it  is  critical  to  our  very  sur- 
vival. 

The  subsequent  speakers  will  provide  you  with  important  insight 
into  how  our  nation  might  best  meet  this  challenge,  and  I  support 
their  recommendations,  which  I've  read.  They  clearly  represent  the 
oceanographic  community.  You've  got  the  firepower  here  today. 
And  I  understand  their  long-range  objectives  and  how  those  objec- 
tives might  be  best  achieved  are  good  recommendations. 

I've  been  following  your  efforts  to  fiscally  put  our  house  in  order 
and  I  strongly  endorse  them.  But  I  hope  you  get  on  with  the  task 
because  it's  critical  that  we  move  forward  into  the  next  millennium 
in  a  leadership  position. 

Thank  you  very  much. 

Mr.  Weldon.  Thank  you  for  your  excellent  statement. 

Dr.  Albert? 

[The  prepared  statement  of  Dr.  Ballard  follows:] 
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JOINI     HKARINC    BliFORh 


IllF.    SUBCOMMiTTHF    ON     MlI.ilARY     RliShARCH    AND    OhVHl.OPMhNI     Of- 
THi;    'HOUSli    NATIONAL    SHCURITY    COMMIITHF 

IMH    SUBCOMMHTKH    ON    KNHRGY    AND    FNV1R0NMHN1     OF     FHi:    HOUSF 

COMMITTEF    ON    SCIKNCF 

AND 

Tin;    SUBCOMMI'ITFF    ON     FISIIFRIFS.    WILDIJFF,    AND    OCFANS    ()!     TUl. 
HOUSF    COMMlTTHt    ON    RFSOURCFS 


1-liSJiMOHT^--64VEJS    BY 


Dr.    Robert    D.    Ballard 

Senior    Scientist,    WowJs    Hole    Oreanographic    Institution 
JVcs+dtrnr;    institute    for    Exploration 

Chairman    of   the    Board,    JASON    Foundation    for    Education 
January    25,    1996 


Dear  Mr.  Chairmen. 

I  want  i<)  thank  \ou  and  the  various  members  of  the  participating  subcommittees 
for  inxiting  me  here  das. 

Modem  research  now  suggests  that  all  humans  on  the  face  of  Earth  come  from  a 
common  ancestr\  that  can  be  traced  back  to  the  plains  of  eastern  Africa  and  that 
during  the  last  200, ()()()  years,  our  ancestors  journeyed  forth  from  their  birth 
place  to  populate  the  planet  -  first  across  the  large  Eurasian  land  mass  and  finallv 
into  the  new  world  during  the  v\aning  sears  of  the  Great  Ice  Age,  just  a  fev\  tens  of 
thousands  of  s  cars  ago. 

Mans  factors  led  to  the  global  expansion  of  our  forefathers,  to  search  for  food  and 
shelter,  a  drising  desire  to  escape  oppression,  a  lust  for  economic  gain  or  simply 
in  pursuit  of  a  better  life  for  themseises  and  their  losed  ones.  For  whateser  the 
reason,  the  fact  remains  our  species  now  dominates  the  planet.  We  base  ali  but 
conquered  mans  of  the  forces  that  held  us  in  check  for  oh  so  mans  millenniums. 

Instead  of  being  controlled  bs  the  forces  of  nature,  we  are  now  beginning  to  alter 
nature  itself.  Our  actisities  base  depleted  the  ozone  layer,  led  to  a  build  up  of 
C()2  in  the  atmosphere,  begun  the  destruction  of  the  rain  forests,  and  continue 
the  premature  extinction  of  mans  plants  and  animals  we  once  Used  in  harmony 
with. 

Some  demographers  now  tell  us  that  there  are  more  people  alive  toda>  than  have 
eser  died  since  our  species  began  to  populate  the  planet  and  that  number  will 
double  again  while  we  struggle  through  the  next  centurj .  Despite  the  rhetoric 
about  the  need  for  population  control,  we  continue  to  multiplj ,  entering  an  era 
where  reproduction  is  novs  endangering  our  existence  instead  of  insuring  our 
sur\isal. 
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Bui  ]  am  noi  here  toda\  to  tell  nou  how  to  control  the  world's  population.  Even 
repressive  measures  in  some  countries  have  failed  to  accomplish  that.  1  am 
simp!)  an  undersea  explorer  who  has  spent  the  last  30  years  beneath  the  sea 
exploring  its  many  wonders. 

And  i  would  like  to  take  the  next  few  minutes  to  tell  you  about  what  i  ha\e  seen 
and  tr\  to  guess  what  I  think  the  future  might  hold  for  us  given  our  continued 
growih  and  need  for  more  space  and  resources. 

Despite  our  globe  trotting  abilities,  our  species  has  not  colonized  an\  nev.  land 
masses  on  the  planet  since  the  colonization  of  the  new  world  which  began  in  the 
15lh  centur>.  And  let  us  not  forget  that  the  new  world  was  alread>  inhabited  b> 
our  species  long  before  Columbus  first  arrived  in  the  Bahamas  in  1492. 

Toda\ ,  the  primar\  activities  of  our  species  is  still  confined  to  less  than  20%  of  the 
planet,  historicall)  held  at  ba\  b\  an  aquatic  world  that  has  resisted  our 
colonizing  wa\s. 

Jroni<  all\ ,  instead  of  turning  to  the  sea  for  our  future,  we  turned  our  eyes  and  our 
hearis  to  the  hea\ens,  convinced  our  future  lay  in  space.  Perhaps  that  da>  will 
( ome.  Hut  I  am  convinced  not  in  time  to  save  us  given  the  path  on  which  we  now 
find  ourselves. 

I  find  it  ironic  that  humans  have  lived  in  space  for  much  longer  periods  of  time 
than  ihev  have  ever  lived  underwater.  In  fact,  recent  Congressional  action  is 
|()r(ing  our  nation  to  abandon  its  onlv  underv\ater  research  facilitv  where 
s(  ientists  are  able  to  live  beneath  the  sea. 

Isn't  it  interesting  that  Congress  will  fund  studies  aimed  at  living  in  space  or  on 
the  surlaces  of  the  moon  and  Mars  but  does  not  fund  studies  to  see  what 
technologies  will  be  needed  for  us  to  live  on  the  surface  of  the  sea  which 
surrounds  us? 

Id  me,  the  most  important  image  to  come  out  of  the  space  program  was  when  a 
astronaut  on  his  wa>  to  the  moon  trained  his  cameras  back  on  earth  and  captured 
an  image  of  a  verv  small  greenish  blue  planet  imbedded  in  a  black  velvet  void  of 
nothingness. 

Ironiiallv.  we  novN  have  better  topographic  maps  of  Venus  than  Earth,  we  know 
more  about  the  phvsiographv  of  small  volcanic  cones  on  the  far  side  of  the  moon 
than  ot  similar  features  in  our  own  exclusive  economic  zone  off  our  shores.  When 
President  Reagan  signed  the  bill  creating  the  FEZ,  the  size  of  America  doubled,  yet 
most  of  this  modem  da\  Louisiana  Purchase  remains  unexplored.  And  vast 
expanses  of  ocean  floor  in  the  southern  hemisphere  have  never  had  an 
oceanographic  research  ship  ever  pass  over  them. 

The  largest  single  feature  on  the  surface  of  the  planet  is  the  Mid-Ocean  Ridge 
whi(  h  runs  around  Earth  like  the  seam  of  a  baseball,  covering  almost  one  quarter 
of  the  planet's  total  surface  area.  Yet  despite  its  tremendous  size  and  the  critical 
role  ii  plavs  in  the  origin  of  Earth's  outer  skin,  Neil  Armstrong  walked  on  the 
moon  before  the  first  human  entered  the  largest  feature  on  Earth  when  they  dove 
to  the  Mid-Ocean  Ridge's  great  rift  valle>  in  1973. 
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Few  people  reali/e,  ihal  there  are  more  acii\e  volcanoes  undervsaier  ihan  on  land, 
or  knov\  of  the  great  plains  that  dwarf  those  in  America,  or  of  canyons  far  grander 
than  the  Grand  Can>on,  or  that  the  might\  Rocks  Mountains  would  fit  into  a 
small  portion  of  the  Mid-Ocean  Ridge. 

(;i\en  the  emergence  of  advanced  robotic  iechno!og\ ,  fiber-optics,  micro- 
processors, \inua!  realit>.  autonomous  \ehicies,  telecommunications,  and  man> 
other  new  advances,  the  oceans  will  no  longer  be  a  barrier  to  human  acti\it\.  Ihe 
deep  ab\ss  will  soon  become  our  back\ard  and  working  at  20,000  feet  whit  h 
represents  ')8%  of  the  world's  o(  eans  will  become  routine. 

(iiven  our  exploding  population  and  given  the  continued  development  of 
advanced  technolog\,  I  iruK  belie\e  the  21st  centurj  will  usher  in  an  explosion  in 
human  acii\ii\  in  the  sea.  1  am  convinced  the  next  generation  will  explore  more 
of  harth,  that  is  the  71%  that  lies  underwater,  than  all  previous  generations 
( ombined. 

And  just  as  Lewis  and  Clark's  exploration  of  the  Louisiana  Purchase  led  to  the 
settling  of  the  west,  the  exploration  of  the  sea  will  lead  to  its  subsequent 
(oloni/ation.    1  have  no  doubt  of  that.  . 

The  gathering  and  hunting  of  the  living  resources  of  the  sea,  an  activitv 
characteristi<  of  primitive  societies  on  land  and  which  has  led  to  the  near 
extinction  of  imponant  fisheries  in  the  oceans,  will  be  replaced  at  sea  bv  farming 
and  herding. 

Iligh-iech  barbed  wi'-e  in  the  form  of  acoustic,  thermal,  or  other  barrier 
techniques  will  emerge  to  control  and  manage  the  seas  living  resources.  The  same 
debates  over  the  destruction  of  the  rain  forest's  bio-diversitv  on  land  in  favor  of 
ranching  and  farming  will  repeat  itself  as  the  great  bio-diversitv  of  the  barrier 
reefs  ot  the  world  are  threatened  bv  large  scale  farming  of  the  sea. 

Oil  and  gas  exploration  and  exploitation  will  continue  moving  into  deeper  and 
deeper  depths.  We  have  alreadv  discovered  and  mapped  oil  and  gas  reserves 
down  to  depths  of  12,000  feel  which  represents  the  average  depth  of  the  ocean 
and  each  vear  the  oil  industn.  brings  production  wells  on  line  in  waters  deeper 
than  the  prev ious  vear. 

Underwater  parks,  memorials  and  reserves  will  expand  in  size  and  scope  until  the 
m  ANIC  and  other  historic  ships  like  her,  are  easily  visited  b>  tourists  using  tcle- 
operaled  robots  from  the  comfort  of  their  home  based  telecommunications  center. 

When  ships  and  other  pieces  of  human  hisior>  fall  into  the  deep  sea,  thev  enter  a 
deep  Iree/e:  characterized  bv  eternal  darkness,  freezing  temperatures,  and 
enormous  pressures.  Some  estimate  that  there  is  more  human  historv  preserved 
in  Dave's  |ones  locker  than  ail  of  the  museums  in  the  world  combined. 

During  the  six  centuries  that  marked  the  rise  and  fall  of  the  Roman  Empire, 
Imperial  Roman  lost  more  than  10,000  commercial  ships  in  the  deep  waters  of  the 
IvTrhenian  Sea,  a  small  sea  off  the  west  coast  of  Italy.  We  arc  only  now  beginning 
to  explore  those  waters. 

The  Black  Sea  and  its  anaerobic  bottom  water  will  get  up  some  of  the  oldest  and 
best  preserved  wooden  ships  in  the  world,  perhaps  lost  at  a  similar  time  when 
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Jason  and  his  argonauts  traversed  these  same  waters  in  search  of  the  Golden 
Fleece. 

On  a  far  less  glamorous  note,  some  people  are  now  suggesting  that  land  fills  will 
gi\e  wa>  to  the  placement  of  waste  in  the  vast  abyssal  deserts  of  the  deep. 
Perhaps  the  storage  of  nuclear  material  will  follow.  Will  this  realix  happen?  Do 
we  know  enough  about  the  sea  to  take  such  a  risk? 

Present  laws  now  forbid  us  from  e\en  the  opportunit>  to  find  out  if  it  is 
dangerous  to  place  some  of  our  waste  in  the  deep  sea.  Dare  we  gamble  with  the 
li\es  of  the  next  generation  on  a  prayer  and  a  dream  b\  continuing  to  pollute  our 
drinking  water.  Even  when  you  include  the  heavy  taxation  on  gasoline,  high 
octane  at  the  pump  costs  less  per  volume  than  Perrier  which  is  certain  lo  rise. 

In  recent  years,  we  have  discovered  major  mineral  deposits  in  the  deep  sea  similar 
to  those  mined  for  centuries  on  the  island  of  Cyprus.  The>  contain  high 
concentrations  of  copper,  lead,  and  sulfur  as  well  as  silver  and  gold.  And  their 
formation  continues  ioda\  in  the  \ast  hydrothermal  vent  s>stems  of  the  Mid- 
Ocean  Ridge.  These  long  linear  mineral  deposits  ma\  somedav  pro\e  to  be 
important  resources  for  the  next  generation. 

Some  of  these  magnificent  vent  areas  with  their  exotic  creatures  will  also  become 
the  Yellowstone  Parks  of  the  deep  sea. 

The  unique  chemosynlhetic  life  forms  that  presenil>  process  the  toxic  materials 
associated  with  these  \ent  communicates  will  hopefulh  be  bio-engineered  lo 
convert  a  portion  of  our  waste  products  into  less  harmful  or  even  commercialh 
valuable  b> -products. 

I  hese  e\oti(  creatures  max  also  help  us  understand  the  earl\  origins  of  life  on  our 
planet  as  well  as  the  potential  for  life  on  oihei  planets. 

Whether  this  all  occurs  during  the  next  generation's  lime  on  earth,  lime  will  only 
tell.     But  1  am  convinced  that  much  of  what  1  have  jusi  outlined  will  come  to  pass. 

■|"hc  question  1  can  not  answer  is.  what  nation  will  lead  the  wa>.  Had  1  been  asked 
thai  question  just  fise  years  ago.  I  would  have  said  without  pausing,  the  United 
Stales  of  America. 

Hui  nov<.  1  don't  know.  )ust  a  few  jcars  ago,  America  had  a  lead  in  ocean  research 
and  engineering  that  all  nations  of  the  world  envied.  But  the  gap  is  closing 
qui(kl\.  More  ;mponanil>,  we  .seem  to  have  lost  our  wa>  as  well  as  our  will  lo 
lead. 

We  have  become  totalK  preoccupied  with  the  present.  We  have  forgotten  that  we 
arc  about  to  enter,  not  the  next  decade,  nor  next  centur>,  but  the  next 
millennium. 

Now  is  not  the  time  lo  be  shonsighlcd.  Now  is  the  time  to  form  a  vision  of  the 
future  and  to  strive  for  thai  distant  star  on  the  horizon.  America  is  a  nation  of 
pioneers  with  a  long  history  of  exploration. 

We  are  at  a  critical  crossroads  in  not  only  the  history  of  ihis  country  but  the 
historv  of  the  human  race. 
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There  is  no  doubt  in  m\  mind,  that  a  better  understanding  of  the  oceans  and  the 
land  surface  beneath  it,  is  critical  to  our  ver\  sur\ival. 

The  pre\i<)us  speakers  ha\e  provided  you  with  important  insight  into  how  our 
nation  might  best  meet  this  challenge  and  I  suppon  their  recommendations.  The\ 
clear!>  represent  the  oceanographic  communit\  and  understand  its  long-range 
research  objectives  and  hovv  those  objectives  might  best  be  achieved. 


(letting  our  house  in  fiscal  order  is  important  but  I  urge  all  of  vou  to  get  on  with 
the  task.     Time  is  a  wasting. 


Thank  You 
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(Appendix) 

ll  is  m>  understanding  that  the  purpose  ol  these  hearings  is  to  search  lor  wa\s  to 
make  oceanographic  research  and  development  more  efficient.  In  other  words, 
are  there  ways  in  which  the  various  and  diverse  elements  of  the  oceanographic 
communitx  can  be  encouraged  to  work  together  to  increase  their  o\erall  research 
and  development  objccti\es  at  a  time  of  shrinking  federal,  state  and  local  funding. 


For  the  last  .^S  thirty  years,  1  have  participated  in  or  led  more  than  110 
oceanographic  expeditions  spanning  the  spectrum  of  purpose.  .As  a  Naval  Officer 
1  ha\c  conducted  highh  classified  militar>  missions.  As  a  scientist  with  a  Ph.D.  in 
marine  geologN  and  geophysics,  I  have  participated  in  numerous  expeditions  that 
ha\e  resulted  in  new  discoveries  about  the  natural  historj  beneath  the  sea.  As  an 
explorer,  1  have  found  the  TITANIC  and  c\en  more  important  sites  of  true 
archaeological  importance.  As  an  educator  and  Chairman  of  the  Jason 
loundaiion  (or  l;ducaiion,  I  have  sought  to  prepare  the  next  generation  of 
s(  leniists,  engineers,  and  naval  officers  for  the  challenges  that  face  them  in  the 
next  millennium,  and  as  a  private  entrepreneur,  I  created  private  businesses  that 
are  now  beginning  to  make  the  future  1  spoke  of  possible. 


With  this  di\erse  background  and  interest,  I  have  been  able  to  forge  alliances  in 
rescan  h  and  development  between  the  militan.,  the  academic  world,  and  the 
priNJle  sector. 


ihis  \ear,  for  example,  the  JASON  Foundation  for  hducaiion  will  conduct  its 
se\enih  educational  field  program  off  the  coast  of  Florida.  Here,  research 
scientists:  the  U.S.  Na\>;  NOA.A,  educational  organizations  including  museums, 
resean  h  laboratories.  Universities,  schools  s\ stems;  and  private  industry  will  work 
tugc'iher  for  a  common  goal  but  with  different  ultimate  objectives  in  mind. 


llicir  (ommon  goal  is  to  motivate  the  next  generation  of  American  youth  to 
((insider  careers  in  science  and  technolog\  -  whether  that  is  in  the  militar\, 
a(  ademia.  or  school  s>stems  or  private  industr>.  Their  separate  goals  include  the 
testing  of  new  electronic  s>stems  aboard  the  submarine,  specific  research 
()b)e(  tives.  the  education  of  our  youth,  and  the  development  and  testing  of  new 
telecommunications  technologies. 

The  vast  majoritx  of  the  funds  needed  to  carr>  out  this  program  comes  from  the 
private  sector:  from  the  EDS  Corporation,  the  Bcchtel  (iroup.  Sprint.  Lasiman 
kodak,  and  Sun  Micro-s\  stems.  The  U.S.  Nav> .  through  the  Office  of  Naval 
Research,  endorsed  this  research  and  educational  program  and  provided  unique 
militan.  assets  to  make  the  program  possible.  NOAA  has  made  its  undersea 
habitat  AQUARIUS  available  to  this  imponant  program. 

Ixist  summer,  a  similar  collaboration  between  the  private  sector,  the  U.S.  Navy, 
and  academic  communit\  look  place  in  the  Mediterranean  Sea.  Under  the 
auspices  of  the  Institute  of  hxploration  in  Mystic  Connecticut,  a  comprehensive 
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field  program  was  conducted  off  the-  coast  of  Ital>  that  provided  new  insight  into 
the  marine  geolog\  of  the  area  as  well  as  the  discover>  of  ancient  archaeological 
sites  in  3,000  feet  of  water. 

Once  again,  the  majoritN  of  funds  for  this  project  came  from  the  private  sector  but 
it  was  the  cooperation  of  the  U.S.  Nav\  which  extended  their  sta\  in  the 
Mediterranean  to  make  this  project  possible. 

These  are  excellent  examples  of  the  goal  this  joint  committee  hearings  ha\c  in 
mind.  The  question  is,  hovs  was  this  possible,  what  mechanisms  were  in  place, 
and  can  additional  mechanisms  be  implemented  to  encourage  even  more  joint 
cooperation  between  academia,  the  militar> ,  and  the  private  sector. 

In  1984,  an  important  series  of  initiatives  was  created  by  then  SecretarN  of  the 
Nav\ ,  Dr.  John  F.  Lehman.  Complementing  those  initiatives  was  a  major 
()ceanograph\  Polic>  statement  b>  then  Chief  of  Naval  Operations  .^dmiral  James 
Walkins  who  is  your  final  speaker  toda>.  Those  statements  and  initiatives  in  1984 
ha\e  pro\en  critical  over  the  intervening  years  to  the  objectives  sought  b\  ioda\ 's 
hearings.  At  that  point  in  time,  the  militarv  and  academic  worlds  were  beginning 
to  drift  apan  as  a  result  of  the  Viet  Nam  War  and  the  ending  of  the  draft. 

That  process  was  somewhat  reversed  by  the  SECNAV  Initiatives  of  1984  in  several 
important  ways.  First,  it  greatlv  enhanced  the  career  path  for  young  officers  with 
advanced  degrees  in  ocean  science  and  engineering  b>  changing  the  Nav>'s  1800 
designator  from  Geophysics  to  ()ceanograph>  and  bv  changing  the  flag  billet  of 
the  Oceanographer  of  the  Navy  to  an  officer  with  an  1800  designator.  Next  it 
established  a  Master  of  Ocean  Sciences  Program  for  naval  officers  at  the 
Massachusetts  Institute  for  1echnolog>  and  the  Woods  Hole  Oceanographic 
Institution. 

As  a  result,  voung  officers  were  encouraged  and  rewarded  for  obtaining  advanced 
ocean  science  and  engineering  degrees,  hqualh  important,  the  officers  that  were 
a(  (  epied  into  this  program  were  and  continue  to  be  some  of  the  best  and  the 
brightest.  Their  presence  on  our  academic  campuses  has  changed  the  image  and 
attitude  academicians  had  of  the  "t>picaJ"  naval  officer,  building  bridges  between 
the  Navy  and  the  oceanographic  community. 


Another  SliCNAV  Initiative  of  1984  was  the  establishment  of  the  Secretarv  of  Navy 
Chairs  in  Oceanographv.  These  Chairs  were  awarded  to  leading  oceanographers 
at  the  lop  oceanographic  institutions  in  the  United  Stales  and  were  muiualh 
beneficial  to  both  the  miliiarv  and  the  academic  recipients.  In  short,  it  rewarded 
scientists  interested  in  working  with  the  military  on  shared  research  and 
development  programs.  This  program  was  later  replaced  by  a  series  of 
fellowships  and  Graduate  Research  Assistantships  awarded  by  the  Office  of  Naval 
Research. 

These  initiatives  also  led  to  the  construction  of  three  important  oceanographic 
research  vessels  that  are  owned  bv  the  Nav>  but  operated  b>  oceanographic 
institutions.  The  last  of  these  three,  the  Woods  Hole  ARGO-25  ATLANTIS  will  be 
the  support  ship  for  the  manned  submersible  ALVIN  and  the  remotel>  operated 
vehicle  sv  stem  MEDLA/JA.SON  which  represent  the  premier  academic  deep 
submergence  assets  in  the  United  Stales. 
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rinall>,  the  SECNAV  Initialises  of  1984  greall\  expanded  academic  access  lo 
miliian  deep  submergence  asseis  including  ihe  manned  submersibles  SEA  CLIFF 
and  TURTLE,  the  unmanned  remotelv  operated  vehicles  SCORPIO  and  ATV.  the 
onK  nuclear  research  submarine  in  the  world,  the  NR-1,  and  their  excellent 
support  ships  the  LANEY  CHOUEST  and  CAROLYN  CHOUEST. 


This  initiative  has  been  extremeh  successful  and  has  resulted  in  seseral  imponani 
science  programs  and,  equalh  important,  the  transfer  of  important  technologies 
from  the  private  sector  and  academia  to  the  military ,  enhancing  their  operational 
readiness.  It  has  also  provided  scientists  access  to  technolog\  not  previoush 
a\ailable,  helped  augment  military  funding  from  private  sources,  and  led  to  new 
applications  of  militan.  iechnolog\  for  non-militar>'  purposes. 


1  stronglv  recommend  that  the  subcommittees  represented  here  loda\  re\iew  the 
hisi()r\  of  the  1984  SECNAV  Initiatives  as  I  believe  they  have  proven  to  be 
extremclv  cost  effective  and  have  built  important  bridges  between  the  militar> , 
ihf  prixaie  sector,  and  academia.  1  also  believe  the>  need  to  be  carefulh  re\iewed 
to  see  what  worked  and  what  did  not  and  how  the>  might  be  given  new  life  given 
the  nature  of  reduced  federal  funding. 
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STATEMENT  OF  DR.  BRUCE  ALBERTS,  PRESIDENT,  NATIONAL 
ACADEMY  OF  SCIENCES 

Dr.  Alberts.  Chairman  Weldon,  Chairman  Saxton,  Chairman 
Rohrabacher,  and  members,  I'm  pleased  to  be  here  todaj'.  I'm  presi- 
dent of  the  National  Academy  of  Sciences  and  in  that  position,  I 
chair  the  National  Research  Council,  which  is  the  operating  arm  of 
the  National  Academies  of  Sciences  and  Engineering. 

I'm  of  course  here  to  testify  about  a  matter  of  great  importance 
and  in  doing  so,  I'll  call  on  some  previous  studies,  one  just  released 
this  morning  of  the  National  Research  Council  dealing  directly 
with  U.S.  oceanographic  research. 

There  are  two  reports  that  you've  been  provided  with  of  particu- 
lar relevance  and  I'll  mention  them  in  my  testimony.  Of  course,  my 
written  testimony  is  much  more  explicit  than  I  can  manage  in  oral 
statement. 

The  bottom  line  is  that  ocean  science  is  a  vitally  important  en- 
deavor. In  addition  to  maintaining  the  fisheries  resources,  our  na- 
tion is  faced  with  many  other  pressing  marine  issues,  and  they 
were  mentioned  by  the  Chairman  this  morning — economic  competi- 
tiveness, national  security,  coastal  hazards,  environmental  quality, 
biodiversity,  and  global  change. 

The  question  before  us  today  is  how  can  we  ensure  that  the  Unit- 
ed States  will  continue  to  be  a  world  leader  or  the  world  leader  in 
ocean  science  and  technology  development  in  the  years  ahead? 

My  main  point  is  this — the  need  for  enhanced  understanding  of 
the  ocean  calls  on  us  to  strengthen  the  partnerships  among  federal 
agencies,  academia,  and  the  private  sector.  These  issues  have  been 
directly  covered  in  extensive  studies  which  I  can't  do  justice  to 
today.  I'll  just  mention  some  of  them,  very  important  recommenda- 
tions, starting  first  with  this  report  called  "Oceanography — the 
Next  Decade — Building  New  Partnerships." 

In  this  1992  report,  the  National  Research  Council  made  several 
recommendations  regarding  the  future  of  ocean  science  that  I  be- 
lieve should  guide  any  discussion  of  enhancing  our  nation's  ocean 
science  effort,  and  I'll  go  through  five  of  them  quickly. 

The  first  recommendation  is  that  each  agency  with  an  ocean  mis- 
sion should  establish  permanent  mechanisms  for  ensuring  outside 
scientific  advice,  re\'iew  and  interaction. 

The  excellent  relationships  of  the  National  Science  Foundation 
and  the  Office  of  Naval  Research  with  the  academic  community 
must  be  maintained  and  strengthened. 

In  addition,  we  need  stronger  partnerships  between  academic  sci- 
entists in  NOAA,  NASA,  the  Department  of  Energy,  the  U.S.  Geo- 
logical Survey,  and  the  Minerals  Management  Service.  This  would 
assure  us  of  diversity  and  vitality  in  the  national  oceanographic  ef- 
fort. 

The  second  recommendation  is  that  because  no  single  agency  is 
able  to  oversee  the  total  marine  science  agenda,  a  more  effective 
means  needs  to  be  found  for  agencies  to  interact  at  the  policy  level 
and  formulate  action  plans. 

You'll  hear  more  specific  ideas  later. 

Such  integrated  planning  must  recognize  the  diverse  roles  that 
various  individuals,  agencies  and  research  organizations  play  in 
our  nation's  ocean  science  effort. 
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The  third  recommendation  is  that  each  federal  agency  with  a  ma- 
rine-related mission  should  find  mechanisms  to  guarantee  the  con- 
tinuing vitality  of  the  underlying  basic  science  on  which  their  ef- 
forts depend. 

Maintaining  diversity  and  balance  in  the  funding  of  research  and 
development  is  of  paramount  importance  to  maintaining  our  na- 
tion's leadership  position  in  science  and  technology  all  across  the 
board. 

The  fourth  recommendation  is  that  federal  and  academic  re- 
searchers should  improve  the  cooperative  use  of  facilities  and  the 
conduct  of  joint  research. 

And  the  fifth  recommendation  is  that  the  present  system  for  data 
management  and  exchange  within  and  among  the  various  elements 
of  the  marine  science  community  needs  to  be  modernized  and  im- 
proved. 

My  final  point  is  that  academia  and  federal  agencies  should  also 
make  greater  efforts  to  develop  stronger  relationships  with  private- 
sector  scientists. 

This  issue  is  stated  and  explained  in  much  more  detail  in  the  re- 
port that  was  just  released  this  morning  for  the  National  Research 
Council,  entitled,  "Expanding  the  Uses  of  Naval  Ocean  Science  and 
Technology." 

Let  me  quote: 

"Ocean  science  research  and  technology  development  that  lead  to 
reduced  environmental  impact  of  offshore  activities  that  increased 
efficiency  in  the  work  place,  and  improved  data  collection,  assimila- 
tion and  dissemination,  would  be  of  value  to  a  wide  range  of  non- 
military  marine  users." 

Conversely,  the  practical  experience  and  technical  expertise  of 
the  private-sector  scientists,  engineers  and  offshore  operators  could 
prove  to  be  a  valuable  resource  to  both  academic  and  government 
personnel. 

So,  to  summarize,  we  must  maintain  our  commitment  to  ensur- 
ing that  our  limited  resources  are  made  available  to  the  best  sci- 
entists and  applied  towards  the  most  critical  problems.  This  means 
that  we  must  do  a  better  job  of  building  broader  and  more  inter- 
active relationships. 

Increased  cooperation  and  planning  and  use  of  physical  re- 
sources, such  as  ships,  satellites,  and  submersibles,  would  result  in 
increased  efficiency  and  better  science.  And  enhanced  communica- 
tion between  the  users  and  producers  of  basic  and  applied  research 
will  strengthen  the  system  of  scientific  endeavor  that  has  made  the 
United  States  the  world  leader  in  ocean  science. 

Mr.  Chairman,  I  thank  all  of  you  for  this  opportunity  to  testify 
and  the  National  Research  Council  is  pleased  to  be  of  service  to  the 
nation. 

[The  prepared  statement  of  Dr.  Alberts  follows:] 
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Testimony  of 
'-l5r.  Bruce  Alberts,  President  of  the  National  Academy  of  Sciences 

before  the 

House  Committee  on  National  Security,  Subcommittee  on  Military  Research  and 
Development  -  Rep.  Curt  VVeldon  (PA),  Chairman, 

the 

House  Committee  on  Resources,  Subcommittee  on  Fisheries,  Wildlife  and  Oceans  - 
Rep.  Jim  Saxton  (NJ),  Chairman, 

and  the 

House  Committee  on  Science,  Subcommittee  on  Energy  and  Environment - 
Rep.  Dana  Rohrabacher  (CA),  Chainnan 

25  January  1996 

Chairman  Weldon,  Chairman  Saxton,  Chairman  Rohrabacher,  and  Members  of  the 
Subcommittees:    I  am  Bruce  Alberts,  president  of  the  National  Academy  of  Sciences  and 
chairman  of  the  National  Research  Council  (NRC),  the  operatmg  arm  of  the  National 
Academies  of  Sciences  and  Engineering,  and  the  Institute  of  Medicine.    I  am  pleased  to 
testify  before  you  today  on  a  topic  of  great  importance  --  the  health  and  future  of  this 
nation's  scientific  investigation  of  the  world's  oceans.    Over  the  past  several  years,  boards 
and  committees  of  the  NRC  have  studied  the  nature  and  health  of  various  aspects  of  U.S. 
research  into  the  physical,  chemical,  biological,  and  geological  processes  that  characterize  the 
fluid  that  covers  two-thirds  of  our  planet's  surface.    These  studies  have  highlighted  the 
critical  role  that  the  ocean  plays  in  global-scale  processes  as  well  as  the  importance  that 
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2 
ocean  resources  can  have  for  the  economies  of  local  communities,  states,  and  regions.    In 
addition  to  highlighting  the  role  of  science  in  improving  our  understanding  of  the  relationship 
between  the  ocean  and  human  activities,  NRC  studies  have  addressed  the  essential 
partnerships  among  government,  academia,  and  the  private  sector  that  make  effective 
research  in  ocean  science  possible. 

I  will  focus  my  remarks  on  four  major  issues  relavent  to  our  national  oceanographic 
capabilities:  (1)  the  importance  of  ocean  science;  (2)  essential  elements  of  an  ongoing, 
healthy  national  ocean  science  effort;  (3)  present  U.S.  capabilities  for  conducting  ocean 
science;  and  (4)  the  outlook  for  ocean  science.    In  addressing  these  topics,  I  will  draw 
largely  from  reports  of  the  Ocean  Studies  Board  (OSB),  the  unit  within  the  HRC  responsible 
for  oceanographic  research  and  marine  resources.    Copies  of  these  reports  have  been 
provided  for  use  by  you  and  your  staff. 

In  a  1992  report,  Oceanographx  in  the  Next  Decade:  Building  New  Partnerships,  the 
NRC  made  several  recommendations  regarding  the  future  of  ocean  science  in  this  country 
and  the  nature  of  the  partnerships  needed  for  its  continued  health.   These  recommendations 
are  particularly  relevant  to  today's  hearing;  I  include  them,  here  to  provide  context  for  my 
testimony: 

•  Each  agency  with  an  ocean  mission  and  without  strong  links  to  the 

nongovernment  community  should  establish  permanent  mechanisms  for 

ensuring  outside  scientific  advice,  review,  and  interaction. 
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•  Because  no  single  agency  is  charged  with  and  able  to  oversee  the 
total  national  marine  science  agenda,  an  effective  means  needs  to  be  found  for 
agencies  to  interact  at  the  policy  level  and  formulate  action  plans. 

•  Federal  agencies  with  marine-related  missions  should  develop 
mechanisms  to  guarantee  the  continuing  vitality  of  the  underlying  basic  science 
^r,  „,k:/.k  fKoM  depend. 

•  Federal  and  academic  researchers  should  improve  the  sharing  of 
data,  the  cooperative  use  of  facilities,  and  the  conduct  of  joint  research. 

•  The  present  system  for  data  management  and  exchange  within  and 
among  the  various  elements  of  the  marine  science  community  should  be 
modernized  to  reflect  the  existence  of  distributed  computing  systems,  national 
and  international  data  networks,  improved  satellite  data  links,  and  on-line 
distribution  of  oceanographic  data. 

The  Importance  of  Ocean  Science 

I  would  like  to  preface  my  comments  by  sharing  with  you  the  words  of  my 
predecessor,  Dr.  Frank  Press,  in  his  introduction  to  Oceanography  in  the  Next  Decade: 
Building  New  Partnerships: 

The  ocean  has  always  had  a  profound  influence  on  human  life.    It  has 
been  an  important  source  of  food  and  means  of  commerce.    However,  it  has 
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aJso  been  a  threat  to  human  life  as  a  focus  for  war  and  through  its  encroach- 
ment onto  land.    In  recent  decades,  the  United  Slates  has  been  the  world 
leader  in  ocean  research,  both  in  basic  studies  and  research  on  the  ocean's 
particular  influence  on  human  activities.    This  pioneering  work  has  largely 
been  the  result  of  remarkably  successful  partnerships  between  federal  agencies 
and  re«arch  in  universities,  in  which  federal  agencies  support  the  research  of 
academic  scientists  and  academic  scientists  provide  advice  on  internal  and 
external  research  by  a  variety  of  mechanisms. 

However,  the  world  in  which  these  partnerships  were  created  and 
sustained  is  changing  rapidly.    Concerns  about  the  ocean  as  a  medium  for 
warfare  and  as  a  threat  to  our  national  security  are  decreasing  while 
environmental  problems  of  the  coastal  zone  and  understanding  how  the  ocean 
controls  climate  are  of  increasing  importance. 

I  echo  these  sentiments  by  strongly  emphasizing  the  need  for  a  sustained  effort  to 
understand  the  role  of  the  ocean  in  human  activities,  recognizing  the  continually  changing 
challenges  facing  society  and  the  ocean  science  community.  For  example,  U.S.  and  world 
fisheries  are  an  increasing  concern;  since  1988  the  total  world  harvest  of  marine  fish  has 
plateaued  and  the  stocks  of  many  commercial  species  in  U.S.  waters  are  fully  utilized  or 
overutilized.  Continued  efforts  on  the  part  of  some  fishing  countries  to  maintain  or  even 
increase  their  total  catch  has  exerted  tremendous  pressure  on  vinually  all  commercial  fish 
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stocks,  resulting  in  conflict,  at  times  violent,  over  this  limited  resource.    This  plateau  in  one 

of  the  world's  most  important  food  supplies,  viewed  in  the  context  of  an  increasing  world 
population,  can  only  serve  to  exacerbate  tensions  in  the  post-Cold  War  era.    This  challenge  is 
so  important  that  the  National  Academy  of  Sciences  has  awarded  funds  to  the  Ocean  Studies 
Board  to  conduct  a  study  on  ecosystem  management  for  sustainable  marine  ilsheries. 

In  addition  to  maintaining  fisheries  resources,  our  nation  is  faced  with  other  pressing 
marine  problems  whose  timely  solution  will  require  increased  cooperation  between  the 
federal  government,  academia,  and  the  private  sector,  including: 

•  Economic  Competitiveness,  Basic  and  applied  research  in  the  marine  sciences  and 
engineering  is  necessary  to  achieve  and  maintain  a  competitive  position  in  a  host  of  fields, 
including  marine  biotechnology,  aquaculture,  hydrocarbon  and  mineral  exploration  and 
production,  maritime  transportation,  fisheries,  treatment  and  disposal  of  waste,  and 
freshwater  extraction. 

•  National  Security,  Experience  gained  from  naval  activities  in  the  Persian  Gulf 
during  operations  Desert  Shield  and  Desert  Storm  highlights  the  need  for  better  information 
related  to  oceanic  and  coastal  processes  and  to  maritime  operations  and  transportation. 

•  Coastal  Hazards,  The  Atlantic  Ocean  hurricane  season  of  1995  was  one  of  the  most 
severe  in  this  century,  occurring  at  a  time  when  the  memories  of  hurricanes  Hugo  and 
Andrew  were  still  fresh  in  the  minds  of  many  citizens  of  the  southeastern  United  States. 
Land  loss  due  to  coastal  erosion  threatens  significant  portions  of  U.S.  coasts,  destroying 
wetlands  and  the  beach  resources  of  many  coastal  states. 
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•  Environmental  Quality,  Environmental  threats  in  the  form  of  contamination,  such 

as  the  dumping  of  radioactive  waste  or  the  spilling  of  petroleum  by  the  former  Soviet  Union 
(as  testified  to  in  joint  hearing  of  the  Military  Research  and  Development  Subcommittee  of 
the  House  National  Security  Committee  and  the  Fisheries,  Wildlife  and  Oceans  Subcommittee 
of  the  House  Resources  Committee  on  December  5,  1995),  imperil  the  open  ocean  and  the 
living  resources  it  shelters. 

•  Biodiversity,  The  genetic  diversity  of  life  on  this  planet  is  not  only  critical  to 
maintaining  the  health  of  critical  ecosystems,  but  also  offers  the  promise  of  significant  new 
discoveries  in  medicine  and  other  fields.    Recent  research  suggests  that  the  ocean  represents 
the  largest  reservoir  of  biological  species  and  that  we  have  only  just  begun  to  quantify  their 
importance  in  medicine. 

•  Global  Change,  Regional  events  such  as  El  Nifio  and  changes  in  ocean  circulation 
influence  climate  on  both  seasonal  and  longer  time  scales.    Research  efforts  have  led  to 
better  predictions  of  year-to-year  variation,  but  considerable  work  remains  to  make  these 
forecasts  operational. 

Effective  policy  decisions  concerning  these  and  other  marine  issues  require  a  strong 
foundation  of  reliable  scientific  information  based  on  a  comprehensive  understanding  of  the 
world's  ocean.    The  need  for  enhanced  understanding  of  the  ocean  calls  on  us  to  reexamine 
and  strengthen  the  partnerships  among  federzd  agencies,  academia,  and  the  private  sector. 
These  partnerships  have  formed  the  leadership  role  the  United  States  has  enjoyed  in  ocean 
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Essential  Elements  of  a  Ongoing,  Healthy  National  Ocean  Science  Effort 

Basic  oceanographic  research  has  been  funded  largely  by  the  Office  of  Naval 
Research  (ONR)  and  the  National  Science  Foundation  (NSF),  agencies  whose  missions 
include  maintaining  the  long-term  excellpnf-'"  anrl  vitality  nf  orpjin  science  in  this  country. 
Fundamental  investigations  sponsored  by  NSF  and  ONR  are  complemented  by  research 
supported  by  a  number  of  agencies  that  require  more  specific  information  related  to  resource 
management  and  regulatory  oversight.    The  more  focused,  "mission-oriented"  research  is  an 
essentia]  component  of  this  nation's  ocean  science  effort  because  it  sustains  a  reliable  base  of 
critical,  long-term  observations  of  oceanic  conditions  and  processes  (such  as  that  provided  by 
the  weather  and  climate  research  programs  of  the  National  Oceanic  and  Atmospheric 
Administration  [NOAA]).    Mission-related  research  also  provides  valuable  insights  into 
oceanic  processes  critical  to  the  health  and  vitality  of  marine  ecosystems  and  resources.    A 
strong  national  effort  in  ocean  science  with  an  appropriate  balance  of  both  types  of  research 
is  the  key  to  long-term  success.    As  stated  in  the  recent  NRC  report  Allocating  Federal 
Funds  for  Science  and  Technology: 

The  growth  of  federal  science  and  technology  from  multiple  roots  in  mission 
agencies  has  resulted  in  a  pluralistic  research  and  development  system. 
Although  some  may  see  needless  overlap  in  such  a  system,  in  reality  pluralism 
is  a  great  source  of  strength,  an  advantage  over  the  ways  research  and 
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development  are  organized  in  many  other  countries.    The  diversity  of 
performers  fosters  creativity  and  innovation.  ...  At  the  same  time,  diverse 
funding  alternatives  give  original  ideas  a  better  chance  to  find  support  than 
would  a  more  centralized  system. 

Research  to  address  today's  concerns,  along  with  a  inno-tprm  rnmmitment  to 
fundamental  research,  provides  a  hedge  against  unforeseen  challenges  by  advancing  the 
human  understanding  of  the  planet  on  which  we  live. 

Present  U.S.  Capabilities  for  Conducting  Ocean  Science 

The  capacity  of  any  nation  to  conduct  basic  ocean  research  is  a  direct  function  of 
resources  available,  including  (1)  human,  (2)  physical,  and  (3)  fiscal  resources.    Human 
resources  include  well-trained  scientists,  engineers,  and  technicians.    Researchers  from  a 
broad  range  of  ocean  science  subdisciplines  are  needed  to  solve  the  complex,  ocean-related 
resource  and  environmental  problems  that  face  our  nation.    Physical  resources  are  needed  in 
the  form  of  adequate  facilities,  including  laboratories,  ships,  submersibles,  computing 
resources,  and  satellites.    As  ocean  science  problems  become  more  complex,  requiring  long- 
term  and  complex  sampling  strategies  and  research  efforts,  the  stability  of  the  fiscal 
resources  supporting  those  scientific  endeavors  becomes  a  greater  factor  in  their  success. 
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The  federal  government  has  been  the  major  supporter  of  ocean  science  in  the  United 

States  since  the  end  of  World  War  II.    Advances  in  ocean  science  have  been  accomplished 
largely  by  federal  agencies  joining  with  individual  scientists  in  academia  to  form  productive 
partnerships.    These  partnerships  have  advanced  ocean  science,  providing  many  benefits  to 
society.    I  would  like  to  briefly  review  the  human,  physical,  and  fiscal  resources  presently 
available  in  the  United  States  and  how  they  affect  our  capability  to  cnnHuct  ocean  science. 

Human  ■ .  • 

Public  and  private  institutions  have  developed  an  excellent  graduate  education  system 
in  the  United  States,  yielding  individuals  employed  in  government,  academia,  and  the  private 
sector.    According  to  a  survey  conducted  by  the  OSB,  the  number  of  Ph.D. -level  academic 
scientists  in  the  United  States  increased  about  70  percent  from  1980  to  1990.     This  period  of 
growth  has  ended,  because  the  number  of  Ph.D. -level  academic  scientists  has  remained 
relatively  constant  during  the  past  4  years.    Moreover,  acceptance  of  incoming  students  in 
oceanographic  graduate  programs  decreased  about  30  percent  from  1992  to  1995.    However, 
the  United  States  still  possesses  a  significant  human  resource  to  conduct  ocean  science  and  a 
tradition  of  excellence  in  ocean  science  education. 

Excellence  in  ocean  science  education  can  benefit  general  science  education  as  a 
whole  in  the  United  States,  because  ocean  science  is  a  topic  that  excites  students  of  all  ages. 
For  example,  ocean  science  is  used  in  K-12  education  as  a  vehicle  to  develop  interest  in 
science,  ultimately  helping  increase  our  nation's  scientific  literacy.    Admiral  Watkins,  a 
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leader  of  the  Ocean  Planet  exhibit  scheduled  to  tour  America  as  pan  of  the  150th 

Anniversary  celebration  of  the  founding  of  the  Smithsonian  Institution,  can  testify  to  the 

potential  value  of  public  interest  in  the  ocean  as  a  stimulus  to  increase  scientific  literacy. 

Physical- 

The  United  States  possesses  an  oceanographic  fleet  composed  of  ships  owned  and 
operated  primarily  by  academic  institutions,  the  Navy,  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA),  and  private  corporations.    However,  aging  of  some  key  components 
of  the  fleet,  coupled  with  a  strong  demand  for  ship  time,  dictates  that  greater  coordination 
between  academia  and  the  federal  sector  will  be  necessary  to  ensure  that  the  needs  of  ocean 
scientists  and  the  nation  are  met. 

The  success  of  completed  or  ongoing  satellite  missions,  such  as  TOPEX-POSEIDON 
and  GEOSAT,  demonstrates  that  spaced-based  missions  need  to  be  an  integral  and 
increasingly  significant  component  of  our  nation's  ocean  science  effort.    In  the  case  of 
satellite  resources,  an  important  component  of  many  modem  oceanographic  projects,  the 
capabilities  of  U.S.  platforms  has  declined  in  recent  years,  and  many  planned  ocean  missions 
have  been  delayed  or  cancelled. 

Fiscal 

Oceanography  in  the  Next  Decade:  Building  New  Panne rships  demonstrated  that  from 
1982  to  1992  federal  funding  for  ocean  science  remained  essentially  constant  (when  adjusted 
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for  inflation).   Since  1992,  the  federal  agencies  that  fund  ocean  science  (apart  from  NSF) 
have  experienced  a  downward  trend  in  funding.    Many  mission  agencies  that  support  external 
scientific  research  have  been  targeted  for  elimination.    A  stable  fiscal  climate  is  an  important 
component  of  productive  and  efficient  partnerships.    This  is  particularly  significant,  because 
as  the  physical  resources  needed  to  conduct  large-scale,  interdisciplinary  research  become 
more  sophisticated,  their  costs  rise  faster  than  the  rate  of  inflation. 

Overall 

A  competitive,  peer  review  approach  to  selecting  and  funding  research  projects  is  the 
foundation  of  this  nation's  leadership  in  science  and  technology.    As  stated  in  Allocating 
Federal  Funds  for  Science  and  Technology,  "The  challenge  in  the  current  penod  is  to  retain 
diversity  and  balance  while  cutting  back  is  some  areas  to  free  resources  for  better  or  more 
important  activities."    In  short,  we  must  maintain  our  commitment  to  ensuring  that  resources 
are  available  to  the  best  scientists  and  applied  toward  the  most  critical  problems.    A  truly 
efficient  and  effective  ocean  science  effort  within  the  United  States  must   however, 
encourage  partnerships  not  only  among  federal  agencies  and  academia.  but  with  the  private 
sector  as  well. 

Private  sector  involvement  is  important  to  achieving  the  maximum  benefit  from  the 
resources  available.    As  discussed  in  the  recent  NRC  report  Expanding  the  Uses  of  Naval 
Ocean  Science  and  Technology,  the  private  and  academic  sectors  could  benefit  from  the 
marine  research  and  development  conducted  routinely  at  government  facilities  and  institutions 
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sponsored  by  ONR.    Cooperative  research  between  ONR  and  private  industry  could  range 

from  high-profile  activities,  such  as  the  high-resolution  meteorological  models  developed  in 

1995  to  aid  in  the  U.S.  defense  of  the  America's  Cup,  to  potential  breakthroughs  in 

extremely  practical  problems,  such  as  marine  corrosion  and  biofouling  (familar  to  any  marine 

boat  owner,  the  Navy  alone  spends  an  estimated  $3  billion  a  year  combating  this  age-old 

problem).     Other  agencies  that  support  ocean  scientists  in  agency  laboratories  (e.g.. 

Department  of  Energy,  U.S.  Geological  Survey,  NOAA)  have  the  potential  to  transfer  useful 

science  and  technology  to  the  nongovernmental  sector.    Research  conducted  by  academic 

scientists  and  funded  by  federal  agencies  is  commonly  published  in  the  scientific  literature, 

but  the  implications  of  this  research  may  not  be  obvious  to  potential  governmental  or 

commercial  users.    Strategic  partnering  and  development  of  mechanisms  for  transfer  of 

research  results  and  technology  among  the  private  sector,  academia,  and  federal  agencies 

would  strengthen  U.S.  capabilities  in  basic  and  applied  ocean  science.    Such  mechanisms 

would  also  promote  U.S.  economic  competitiveness  and  our  ability  to  respond  to  national 

security  and  environmental  challenges. 

The  United  States  possesses  significant  capabilities  for  conducting  ocean  science. 
Faced  with  limited  resources,  federal  agencies,  academia,  and  the  private  sector  must  pursue 
a  greater  level  of  cooperation  and  efficiency.    Only  with  coordinated  and  strong  partnerships 
can  we  ensure  that  the  United  States  will  continue  to  be  a  world  leader  in  ocean  science  and 
technology  development. 
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The  Outlook  for  Ocean  Science 

Maintaining  diversity  and  balance  in  the  funding  of  research  and  development  is  of 
paramount  importance  to  maintaining  our  nation's  leadership  role  in  science  and  technology. 
As  stated  in  the  recommendations  of  Allocating  Federal  Funds  for  Science  and  Technology, 
".  .  .  intpgr?fing  the  needs  of  a  pluralistic  research  and  development  system  requires  a 
comprehensive  overview  and  careful  planning."   Such  an  integrated  plan  must  recognize  the 
diverse  roles  various  individuals,  agencies,  and  research  organizations  play  in  our  nation's 
ocean  science  effort.    Federal  agency  responsibilities  range  from  the  active  promotion  of  the 
health  of  basic  science  in  NSF  and  ONR  to  the  highly  specific  and  focused  research  of  the 
mission  agencies.    To  continue  progress  in  our  basic  understanding  of  the  ocean,  the 
excellent  relationships  of  NSF  and  ONR  with  the  academic  community  must  be  maintained 
and  strengthened.    Other  federal  agencies  that  are  involved  in  marine  science  and  policy  vary 
widely  in  how  they  make  use  of  the  research  potential  represented  by  the  academic 
community.    Stronger  partnerships  between  academic  and  private-sector  scientists  and 
NOAA,  the  National  Aeronautics  and  Space  Administration,  the  Department  of  Energy,  the 
U.S.  Geological  Survey,  and  the  Minerals  Management  Service,  would  add  diversity  and 
vitality  to  the  national  oceanographic  effort. 

Again,  academia  and  federal  agencies  should  make  greater  efforts  to  develop  stronger 
relationships  with  private-sector  scientists.  As  stated  in  Expanding  the  Uses  of  Naval  Ocean 
Science  and  Technology,  "Ocean  science  research  and  technology  development  that  lead  to 
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reduced  environmental  impact  of  offshore  activities,  increased  efficiency  in  the  workplace, 

and  improved  data  collection,  assimilation,  and  dissemination  would  be  of  value  to  a  wide 

range  of  nonmilitary  marine  users."    Conversely,  the  practical  experience  and  technical 

expertise  of  private  sector  scientists,  engineers,  and  offshore  operators  could  prove  to  be  a 

valuable  resource  to  academic  and  government  personnel. 

A  reexamination  of  the  present  partnerships  between  federal  agencies,  academia,  and 
the  private  sector  can  have  a  beneficial  effect  if  careful  attention  is  given  to  preserving  those 
aspects  of  existing  partnerships  that  work  well  while  building  broader,  interactive 
relationships.    In  particular,  increased  cooperation  in  planning  and  use  of  physical  resources 
(e.g.,  ships,  satellites,  and  submersibles)  could  result  in  increased  efficiency  and  better 
platforms  for  ocean  science.    Enhanced  communication  between  the  users  and  producers  of 
basic  and  applied  research  can  only  strengthen  the  system  of  scientific  endeavor  that  has 
earned  and  maintained  the  United  States  a  place  as  the  world  leader  in  ocean  science. 

Thank  you  Chairman  Weldon,  Chairman  Saxton,  Chairman  Rohrabacher,  and 
Members  of  the  Subcommittees  for  your  interest  in  the  NRC's  recommendations  regarding 
the  future  of  oceanographic  research  in  the  United  States. 
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Mr.  Weldon.  Thank  you,  Dr.  Alberts. 
Dr.  Lane? 

STATEMENT  OF  DR.  NEAL  LANE,  DIRECTOR,  NATIONAL 
SCIENCE  FOUNDATION 

Dr.  Lane.  Thank  you. 

Chairman  Weldon,  Chairman  Rohrabacher,  Chairman  Saxton, 
and  members  of  the  Committee,  I  very  much  appreciate  the  oppor- 
tunity to  testify  on  national  oceanographic  research  capabilities. 

I'd  like  to  give  a  brief  overview  of  ocean  science  research  at  the 
National  Science  Foundation  and  follow  with  two  examples  of  spe- 
cific types  of  projects  we  support,  before  I  address  some  of  the 
broader  national  oceanographic  policy  issues. 

At  NSF,  ocean  sciences  research  and  education  is  largely  sup- 
ported through  our  Geosciences  Directorate,  which  also  supports 
research  in  related  fields  of  Earth  Sciences  £ind  Atmospheric 
Sciences. 

In  1995,  the  Ocean  Sciences  subactivity  was  funded  at  the  level 
of  $193  million,  which  represents  just  over  eight  percent  of  the 
NSF's  total  research  budget. 

Among  other  things,  these  funds  provided  support  for  more  than 
3000  scientists  and  graduate  students,  27  research  vessels,  and 
over  3000  operating  days  at  sea. 

An  additional  $29  million  for  ocean  sciences  research  comes  from 
our  Office  of  Polar  Programs,  which  supports  ocean  science  re- 
search in  the  Arctic  and  Antarctic  regions. 

So,  in  total,  NSF  provides  support  for  these  fields  at  a  level  of 
well  over  ten  percent  of  our  entire  research  budget. 

Conducting  state-of-the-art  research  on  the  oceans  is  a  daunting 
challenge,  not  only  because  of  the  sheer  size  and  the  physical  com- 
plexity of  two-thirds  of  the  earth's  surface  that  comprise  the 
oceans,  but  because  the  research  requires  ocean-going  platforms 
equipped  with  scientific  instruments  that  are  capable  of  operating 
in  some  of  the  most  severe  environmental  conditions  imaginable. 

The  potential  pay-offs  for  this  research,  both  in  terms  of  advanc- 
ing scientific  understanding  and  in  potential  economic  benefits,  are 
enormous,  but  let  me  just  give  you  two  examples,  please. 

Ocean  fishermen  and  the  coastal  communities  that  are  economi- 
cally dependent  on  their  success  are  subject  to  huge  fluctuations  in 
commercial  fishstocks.  Some  yield  record  catches,  but  these  are 
often  followed  by  periods  of  virtual  absence  of  certain  species  of 
commercial  fish.  A  common  sense  interpretation  of  these  cycles 
blames  the  scarcity  of  fish  in  the  lean  years  on  overfishing  during 
the  boom  part  of  the  cycle. 

Sedimentary  records  of  the  ocean  floor,  however,  provide  data 
going  back  hundreds,  even  thousands,  of  years  that  show  boom  or 
bust  cycles  in  fish  populations.  This  strongly  suggests  that  natural 
environmental  variability  is  an  important  factor  in  fish  popu- 
lations. This  cyclic  variability  can  vary  from  season  to  season,  or 
it  may  vary  across  decades  or  more. 

The  reasons  for  the  cyclic  variability  are  complex,  but  are  prob- 
ably tied  to  the  reproduction  strategies  of  fish.  Most  fish  produce 
thousands  or  even  millions  of  offspring  per  adult  in  each  breeding 
cycle.  The  vast  majority  of  these  offspring  perish  due  to  predation, 
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harsh  environmental  conditions,  and  starvation.  If  only  one  percent 
of  a  million  eggs  spawned  by  a  single  female  survive  to  adulthood, 
the  adult  population  would  increase  5000-fold. 

Understanding  and  predicting  the  natural  fisheries  fluctuation 
will  require  incorporating  biological  data  into  the  development  of 
physical  models  of  ocean  activity.  This  in  turn  will  require  tapping 
into  the  growing  capability  of  supercomputers  and  supercomputer 
software  to  handle  massive  amounts  of  data,  improved  techno- 
logical innovation  in  environmental  sampling,  and  the  training  of 
graduate  students  in  the  use  of  emerging  research  techniques. 

Understanding  the  cycles  of  commercial  fish  populations  is  in  one 
sense  only  a  by/product  of  the  basic  research  and  that  National 
Science  Foundation  supports.  But  as  the  federal  agency  supports 
research  and  education  in  each  scientific  discipline,  NSF  has  an  ad- 
ditional responsibility  of  connecting  that  research  to  problem  areas 
of  national  interest. 

That  requires  strong  partnerships,  not  only  among  agencies  and 
with  universities,  but  with  the  industries  that  can  take  the  knowl- 
edge and  the  technologies  that  come  out  of  research  and  apply 
them  to  the  needs  of  the  people. 

Let  me  offer  one  other  example. 

One  of  the  most  spectacular  results  of  the  slow  drift  of  the  con- 
tinents is  found  along  the  mid-ocean  ridge  system  that  Dr.  Ballard 
mentioned  earlier.  Heat  that  is  transferred  to  the  ocean  from  the 
hot,  fractured  volcanic  rock  along  the  mid-ocean  ridge  has  an  im- 
portant impact  on  the  chemistry  of  the  oceans  and  may  have  sig- 
nificant effects  on  their  biological  productivity  as  well. 

About  20  years  ago,  researchers  aboard  deep-diving  submersibies 
like  ALVIN  made  a  totally  unexpected  discovery  of  a  broad  range 
of  living  plants  and  marine  animals  among  these  hydrothermal 
vents.  While  this  has  been  tremendously  exciting  as  a  scientific  dis- 
covery, it  has  had  important  economic  implications  as  well. 

The  unique,  heat-resistant  enzjones  isolated  from  bacteria  found 
in  hot  water  vents  have  provided  products  used  in  the  multi-million 
dollar  biotechnology  industry  and  in  basic  molecular  biological  re- 
search. 

In  1993,  the  ALVIN  submersible  found  evidence  of  a  large  com- 
munity of  bacteria  that  live  in  porous  rocks  well  beneath  the 
seafloor.  Some  researchers  estimate  that  the  biomass  of  this  sub- 
seafloor  biosphere  is  comparable  to  the  mass  of  all  living  things  on 
the  surface  of  the  earth. 

Discoveries  of  deep  seabed  and  sub-seafloor  life  forms  have 
opened  up  entirely  new  avenues  of  research  and  opportunities  for 
understanding  the  complex  interactions  between  living  organisms 
and  their  environment. 

These  are  only  a  few  of  the  literally  scores  of  topics  included  in 
our  ocean  science  research  support,  each  with  an  equally  interest- 
ing story  to  tell.  These  success  stories,  however,  are  not  the  result 
of  heroic  efforts  of  NSF  supporting  research  in  isolation.  Instead, 
they  reflect  collaborative  programs  that  involve  academic  research- 
ers, agency  scientists,  oceanographers,  and  resource  managers  in 
other  federal  agencies  and  in  international  efforts. 

In  our  research  activities  that  are  relevant  to  fisheries,  NSF  has 
worked  to  develop  partnerships  between  the  best  academic  re- 
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searchers  and  their  counterparts  in  ocean  resources  sciences  at 
NOAA.  Our  collaborative  efforts  with  NOAA  are  essential  to  the 
conduct  of  good  science,  and  internationally,  this  partnership  has 
expanded  to  include  informal  research  partnerships  with  research 
agencies  in  scores  of  foreign  countries. 

NSF  has  also  been  a  major  proponent  of  an  international  pro- 
gram under  the  International  Council  for  the  Exploration  of  the 
Sea. 

Research  on  the  multiple  factors  that  affect  commercial  fish  pop- 
ulations is  exemplified  in  our  Global  Ocean  Ecosystems  Dynamics 
Program,  called  GLOBEC,  which  we  initiated  three  years  ago  to 
understand  the  collapse  of  the  cod  and  haddock  fisheries  in  the 
George's  Bank  region  off  the  coast  of  New  England  and  up  the 
coast  of  Newfoundland.  Representatives  of  the  commercial  fisheries 
industry  have  participated  in  this  program. 

On  the  U.S.  side,  extensive  effective  partnerships  have  been  de- 
veloped among  NSF,  NOAA,  NASA,  DOE  and  ONR  to  provide  both 
needed  data  and  the  tools  needed  to  interpret  this  data. 

The  NSF  and  our  federal  partners,  however,  cannot  support  all 
the  research  and  the  ship  operations,  the  data  analysis,  and  the 
modeling  required  on  the  global  scale. 

On  the  international  scene,  we're  working  with  over  30  countries 
to  meet  the  scientific  program  requirements.  These  global  pro- 
grams require  deployment  of  the  research  vessels  to  all  the  major 
oceans  of  the  world. 

The  development  and  support  of  the  U.S.  academic  research  fleet 
represents  a  particularly  effective  and  long-standing  partnership 
between  NSF  and  ONR  that  has  developed  over  the  past  25  years^ 
This  particular  partnership  has  resulted  in  a  world-class  fleet  of 
ocean  research  vessels.  It's  the  result  of  mutual  trust  and  a  shared 
understanding  of  the  fundamental  research  that  is  important  in 
ocean  sciences  for  national  security,  but  also  for  economic  vitality 
and  environmental  monitoring. 

Ocean  science  research  can  help  us  understand  the  role  of  the 
oceans  in  global  phenomenon,  including  near-term  weather  pre- 
diction, long-termi  climate  change,  coastal  ecology,  and  the  impact 
of  pollution  on  the  environment.  It  can  also  provide  an  understand- 
ing of  the  ocean  as  a  source  of  food,  of  minerals,  and  of  energy. 

The  ocean  research  supported  by  NSF  is  an  example  of  the  close 
connection  between  fundamental  research  on  topics  of  pure  sci- 
entific interest  and  the  value  that  that  research  has  for  real-world 
concerns. 

The  National  Science  Foundation  has  recently  completed  a  stra- 
tegic planning  process  that  stresses  the  need  to  promote  not  only 
the  discovery  of  new  knowledge,  but  its  employment  in  service  to 
society. 

In  the  past,  many  in  the  research  community  felt  that  their  mis- 
sion was  to  use  technology  to  probe  the  mysteries  of  nature,  and 
that  certainly  is  a  very  important  mission. 

But  our  goal  at  NSF  is  to  expand  this  vision  of  the  researcher's 
responsibility  so  that  research  can  be  more  clearly  related  to  na- 
tional interests. 

All  federal  agencies  are  facing  budgetary  pressures  as  we  strug- 
gle to  balance  the  budget.  We  cannot  take  for  granted  that  research 
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budgets  will  grow  in  the  future.  Indeed,  we  must  be  prepared  for 
future  budgets  that  may  provide  little  or  no  real  growth.  This 
makes  it  imperative  that  we  look  for  ways  to  do  what  we  can  do 
even  better  and  that  includes  developing  new  ways  of  coordinating 
research  across  agencies  and  leveraging  resources  both  inside  the 
government  and  in  the  private  sector. 

NSF's  long  history  of  collaboration  with  other  agencies  that  sup- 
port research  and  education  in  ocean  sciences  makes  me  optimistic 
that  we  can  continue  to  build  on  this  base  in  the  future.  Continued 
success  will  depend  on  our  ability  to  demonstrate  to  the  pubHc  how 
even  research  in  this  most  fundamental  scientific  area  has  implica- 
tions for  improving  the  quality  of  our  lives. 

The  burden  of  clearly  articulating  the  benefits  of  federally  funded 
scientific  and  engineering  research  and  education  falls  squarely  on 
the  shoulders  of  the  research  community.  These  benefits  include 
not  only  pushing  back  the  frontiers  of  scientific  knowledge,  but  also 
educating  the  next  generation  of  researchers  and  the  scientifically 
literate  citizen  who  knows  how  to  weigh  the  potential  future  value 
of  new  discoveries  against  the  cost  of  the  current  investments. 

So  as  you  can  see,  Mr.  Chairman,  the  success  of  ocean  research 
has  been  based  on  strong  partnerships  in  the  past.  Recognizing  this 
and  in  the  interest  of  implementing  many  of  the  recommendations 
coming  from  the  oceanographic  community,  the  NSF  initiated  dis- 
cussions two  years  ago  on  how  to  improve  the  field  through  new 
partnerships. 

We  have  benefited  from  sharing  ideas  with  the  community,  with 
Admiral  Watkins,  and  we  look  forward  to  the  testimony  coming  for- 
ward in  the  rest  of  this  hearing. 

In  closing,  I  want  to  be  on  record  that  NSF  is  eager  to  work  with 
the  relevant  agencies  to  explore  appropriate  ways  to  improve  the 
quality  and  the  coordination  of  research  in  the  ocean  sciences. 

I  would  be  happy  to  respond  to  any  questions  you  might  have. 
I  would  like  to  apologize  in  advance,  Mr.  Chairman.  I  may  have  to 
leave  before  the  end  of  the  question  session,  with  your  permission. 

I  brought  with  me  today  Dr.  Robert  Corell,  who  is  assistant  di- 
rector of  our  Geosciences  Directorate,  who  can  certainly  answer  any 
questions  you  might  have  about  NSF's  role. 

Thank  you,  Mr.  Chairman. 

[The  prepared  statement  of  Dr.  Lane  follows:] 
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Chairman  Weldon,  Chairman  Rohrabacher,  Chairman  Saxton,  and  members  of 
the  committees,  I  very  much  appreciate  the  opportunity  to  testify  on  national 
oceanographic  research  capabilities. 

I  would  like  to  begin  with  an  overview  of  ocean  sciences  research  at  the  National 
Science  Foundation,  and  follow  with  some  examples  the  types  of  projects  we 
support  before  I  address  some  of  the  broader  national  oceanographic  poiicy 
issues 

At  NSF,  ocean  sciences  research  and  education  is  largely  supported  through 
our  Geosciences  Directorate,  which  also  supports  research  in  the  related  fields 
of  Earth  Sciences  and  Atmosphenc  Sciences.  In  1995,  the  Ocean  Sciences 
subactivity  was  funded  at  $193  million,  which  represents  just  over  8  percent  of 
the  agency's  total  research  budget.  Among  other  things,  these  funds  provided 
support  for  more  than  3,000  scientists  and  graduate  students,  27  research 
vessels,  and  over  three  thousand  operating  days  at  sea.  An  additional  $29 
million  for  ocean  sciences  research  comes  from  our  Office  of  Polar  Programs 
which  supports  ocean  science  research  in  the  arctic  and  Antarctic  regions. 
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Conducting  state-of-the-art  research  on  the  oceans  is  a  daunting  challenge,  not 
only  because  of  the  sheer  size  and  physical  complexity  of  the  two-thirds  of  the 
earth's  surface  that  comprise  the  oceans,  but  because  the  research  requires 
ocean-going  platforms  equipped  with  scientific  instruments  that  are  capable  of 
operating  in  some  of  the  most  severe  environmental  conditions  imaginable.  The 
potential  pay-offs  from  this  research,  both  in  terms  of  advancing  scientific 
understanding  and  in  potential  economic  benefits  are  enormous.  Let  me  give 
you  a  few  examples. 

Ocean  fishermen  ~  and  the  coastal  communities  that  are  economically 
dependent  on  their  success  ~  are  subject  to  huge  fluctuations  in  commercial  fish 
stocks.   Some  years  yield  record  catches,  but  these  are  often  followed  by 
periods  of  virtual  absence  of  certain  species  of  commercial  fish.  A  common 
sense  interpretation  of  these  cycles  blames  the  scarcity  of  fish  in  the  lean  years 
on  overfishing  during  the  boom  part  of  the  cycle. 

Sedimentary  records  from  the  ocean  floor,  however,  provide  data  going  back 
hundreds,  even  thousands  of  years  that  show  "boom-and-bust"  cycles  in  fish 
populations.  This  strongly  suggests  that  natural  environmental  variability  is  an 
important  factor  in  fish  populations.  This  cyclic  variability  can  vary  from  season 
to  season,  or  it  may  vary  across  decades  or  more. 

The  reasons  for  the  cyclic  variability  are  complex,  but  are  probably  tied  to  the 
reproduction  strategies  of  fish.  Most  fish  produce  thousands  or  even  millions  of 
offspring  per  adult  in  each  breeding  cycle.  The  vast  majority  of  these  offspring 
perish  due  to  predation,  harsh  environmental  conditions,  and  starvation.   If  only 
one  percent  of  a  million  eggs  spawned  by  a  single  female  survive  to  adulthood, 
the  adult  population  would  increase  five-thousand  fold! 

Understanding  and  predicting  the  natural  fishenes  fluctuations  will  require 
incorporating  biological  data  into  the  developing  physical  models  of  ocean 
activity.  This,  in  turn  will  require  tapping  into  the  growing  capability  of 
supercomputers  to  handle  massive  amounts  of  data,  improved  technological 
innovation  in  environmental  sampling,  and  the  training  of  graduate  students  in 
the  use  of  emerging  research  techniques.   Understanding  the  cycles  of 
commercial  fish  populations  is  in  one  sense  only  a  byproduct  of  the  basic 
research  that  NSF  supports.   But  as  the  Federal  agency  supports  research  and 
education  in  each  scientific  discipline.  NSF  has  an  additional  responsibility  of 
connecting  research  to  problem  areas  of  national  interest. 

Let  me  offer  another  example    One  of  the  most  spectacular  results  of  the  slow 
drift  of  the  continents  is  found  along  the  mid-ocean  ridge  system.  Heat  that  is 
transferred  to  the  ocean  from  hot,  fractured  volcanic  rock  along  the  mid-ocean 
ridge  has  an  important  impact  on  the  chemistry  of  the  oceans  and  may  have 
significant  effects  on  their  biological  productivity  as  well. 
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About  20  years  ago  researchers  aboard  deep-diving  submersibles  like  ALVIN 
made  a  totally  unexpected  discovery  of  a  broad  range  of  living  plants  and  marine 
animals  along  these  hydrothermal  vents.    While  this  has  been  a  tremendously 
exciting  scientific  discovery,  it  has  had  important  economic  implications  as  well. 

The  unique,  heat-resistant  enzymes  isolated  from  bacteria  found  in  hot  water 
vents  have  provided  products  used  in  the  multimillion  dollar  biotechnology 
industry  and  in  basic  molecular  biological  research. 

In  1993,  the  ALVIN  submersible  found  evidence  of  a  large  community  of  bacteria 
that  live  in  porous  rocks  well  beneath  the  seafloor.  Some  researchers  estimate 
that  the  biomass  of  this  sub-seafloor  biosphere  is  comparable  to  the  mass  of  all 
living  things  on  the  earth's  surface.  Discoveries  of  deep  seabed  and  sub- 
seafloor  life  forms  have  opened  up  entire  new  avenues  of  research  and 
cpportunities  for  understanding  the  complex  interactions  between  living 
organisms  and  their  environment. 

NSF  Role  in  Collaborative  Efforts 

These  are  only  a  few  of  the  literally  scores  of  topics  included  in  our  ocean 
science  research  support,  each  with  an  equally  interesting  story  to  tell.  These 
success  stories  however  are  not  the  result  of  heroic  efforts  of  NSF  supporting 
research  in  isolation.   Instead,  they  reflect  collaborative  programs  that  involve 
academic  researchers,  agency  scientists,  oceanographers,  and  resource 
managers  in  other  federal  agencies  and  in  international  efforts.  In  our  research 
activities  that  are  relevant  to  fisheries,  NSF  has  worked  to  develop  partnerships 
betv/een  the  best  academic  researchers  and  their  counterparts  in  ocean 
resource  sciences  at  NOAA.  Our  collaborative  efforts  with  NOAA  are  essential 
to  the  conduct  of  good  science.   Internationally,  this  partnership  has  expanded  to 
include  informal  research  partnerships  with  research  agencies  in  scores  of 
foreign  countries.   NSF  has  also  been  a  major  proponent  of  an  international 
program  under  the  International  Council  for  the  Exploration  of  the  Sea. 

Research  on  the  multiple  factors  that  affect  commercial  fish  populations  is 
exemplified  in  our  Global  Ocean  Ecosystems  Dynamics  Program  (GLOBEC) 
which  we  initiated  three  years  ago  to  understand  the  collapse  of  the  cod  and 
haddock  fisheries  in  the  George's  Bank  region  off  the  coast  of  New  England  and 
up  the  coast  as  far  as  Newfoundland.  Representatives  of  the  commercial 
fisheries  industry  have  participated  in  this  program. 

On  the  U.S.  side,  extensive  effective  partnerships  have  been  developed  among 
NSF,  NOAA,  NASA,  DOE,  and  ONR  to  provide  both  needed  data  and  the  tools 
needed  to  interpret  this  data.  The  NSF  and  our  federal  partners,  however, 
cannot  support  all  the  research,  ship  operations,  data  analysis,  and  modeling 
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required  on  the  global  scale.    On  the  international  scene,  we  are  working  with 
over  30  countries  to  meet  the  scientific  program  requirements.  These  global 
programs  require  deployment  of  research  vessels  to  all  the  major  oceans  of  the 
world. 

The  development  and  support  of  the  US  academic  research  fleet  represents  a 
particularly  effective  and  long-standing  partnership  between  NSF  and  ONR  that 
has  developed  over  the  past  25  years.  This  particular  partnership  has  resulted 
in  a  world-class  fleet  of  ocean  research  vessels.  It  is  the  result  of  mutual  trust 
and  a  shared  understanding  that  fundamental  research  in  ocean  sciences  is 
equally  important  for  national  security,  economic  vitality,  and  environmental 
monitohng. 

Future  Policv  Implications 

Ocean  science  research  can  help  us  understand  the  role  of  the  oceans  in  global 
phenomenon  including  near  term  weather  prediction,  long  term  climate  change, 
coastal  ecology,  and  the  impact  of  pollution  on  the  environment.   It  can  also 
provide  an  understanding  of  the  ocean  as  a  source  of  food,  minerals,  and 
energy 

The  Ocean  research  supported  by  NSF  is  an  example  of  the  close  connection 
between  fundamental  research  on  topics  of  pure  scientific  interest  and  the  value 
that  that  research  has  for  real  world  concerns.  The  National  Science  Foundation 
has  recently  completed  a  strategic  planning  process  that  stresses  the  need  to 
promote  not  only  the  discovery  of  new  knowledge,  but  its  employment  in  service 
to  society.   In  the  past,  many  in  the  research  community  felt  that  their  primary 
mission  was  to  use  technology  to  probe  the  mysteries  of  nature.  Our  goal  at 
NSF  IS  to  expand  this  vision  of  the  researcher's  responsibility  so  that  research 
can  be  more  clearly  related  to  national  interests. 

All  Federal  agencies  are  facing  budgetary  pressures  as  we  struggle  to  balance 
the  budget.  We  cannot  take  for  granted  that  research  budgets  will  grow  in  the 
future;  indeed  we  must  be  prepared  for  future  budgets  that  may  provide  little  or 
no  real  growth    This  makes  it  imperative  that  we  look  for  ways  to  do  what  we  do 
even  better  and  that  includes  developing  new  ways  of  coordinating  research 
across  agencies  and  leveraging  resources  both  inside  the  government  and  in 
the  private  sector. 

NSF's  long  history  of  collaboration  with  other  agencies  that  support  research 
and  education  in  the  ocean  sciences  makes  me  optimistic  that  we  can  continue 
to  build  on  this  base  in  the  future.  Continued  success  will  depend  on  our  ability 
to  demonstrate  to  the  public  how  even  research  into  the  most  fundamental 
scientific  questions  has  implications  for  improving  the  quality  of  our  lives.  The 
burden  of  clearly  articulating  the  benefits  of  Federally  funded  scientific  and 
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engineering  research  and  education  falls  squarely  on  the  shoulders  of  the 
research  community.  These  benefits  include  not  only  pushing  back  the  frontiers 
of  scientific  knowledge  but  also  educating  the  next  generation  of  researchers 
and  scientifically  literate  citizens  who  know  how  to  weigh  the  potential  future 
value  of  new  discoveries  against  the  cost  of  current  investments. 

In  closing,  I  want  to  be  on  record  that  NSF  is  eager  to  work  with  relevant 
agencies  to  explore  appropriate  ways  to  improve  the  quality  and  the  coordination 
of  research  in  the  ocean  sciences. 

I  would  be  happy  to  respond  to  any  questions  that  you  might  have. 
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Mr.  Weldon.  Thank  you,  Dr.  Lane,  for  your  testimony. 
Dr.  Jim  Baker? 

STATEMENT  OF  DR.  D.  JAMES  BAKER,  UNDER  SECRETARY 
FOR  OCEANS  AND  ATMOSPHERE,  AND  ADMINISTRATOR,  NA- 
TIONAL OCEANIC  AND  ATMOSPHERIC  ADMINISTRATION, 
U.S.  DEPARTMENT  OF  COMMERCE 

Dr.  Baker.  Thank  you,  Mr.  Chairman. 

I  have  to  say  we're  very  glad  to  see  you  back  in  the  chair  as  a 
very  strong  supporter  of  oceans  issues  across  the  government. 

So  congratulations  on  your  successful  recovery. 

And  also  to  Chairman  Rohrabacher,  who  shares  a  common  Long 
Beach  heritage  with  me.  We've  had  some  interesting  discussions 
back  and  forth  and  his  advice  has  been  very  helpful  to  us  in  NCAA 
as  we  adjust  our  priorities. 

And  to  Chairman  Saxton,  who  also  has  been  a  long-term  sup- 
porter of  ocean  issues,  particularly  ocean  and  coastal  issues.  It's 
been  great  to  work  with  you  and  we're  looking  forward  to  trying 
to  develop  these  issues  further. 

And  I  want  to  say  to  Congressman  Kennedy  that  I  appreciate  the 
opportiinity  to  work  with  you  on  the  Rhode  Island  oil  spill.  As  you 
know,  I  think  we're  putting  together  the  fastest  federal  response  to 
■get  funding  out  to  those  people  who  are  affected  as  fast  as  we  can. 

I  think  it  shows  what  we  can  do  with  support  of  the  congres- 
sional delegation  and  all  the  science  agencies.  Coast  Guard  is  the 
lead  and  NCAA  has  been  working  very  closely  with  the  Coast 
Guard  there. 

Thank  you  for  the  opportunity  to  testify  about  the  cooperative 
role  that's  played  by  NOAA  in  the  nation's  oceans  programs. 

We  recently  celebrated  our  25th  year  of  service  to  the  nation  as 
a  focus  for  management  and  conservation  of  ocean  resources  for 
providing  ocean  services  and  civilian  ocean  research. 

And  as  you  know,  we  cooperate  with  other  federal  and  state 
agencies,  with  the  academic  community,  with  private  industry, 
with  nongovernmental  organizations,  in  order  to  carry  out  those  re- 
sponsibilities. 

NOAA  was  created  as  a  result  of  the  Stratton  Commission  re- 
view that  envisioned  that  NOAA  would  provide  vital  services  to  in- 
dustry and  the  public  according  to  its  core  mission  to  describe  and 
monitor  and  predict  changes  in  the  earth's  environment.  And  that 
it  v/ould  promote  conservation  and  wise  management  of  the  na- 
tion's marine  and  coastal  resource,  so  that  we  could  enhance  sus- 
tainable economic  opportunities. 

The  Stratton  Commission  characterized  the  earth  as  a  dynamic 
system  in  which  the  ocean  and  atmosphere  are  linked. 

In  carrying  out  our  respective  missions  over  the  last  quarter  cen- 
tury, NOAA  and  its  partners  have  learned  the  truth  of  that  linkage 
and  our  knowledge  continues  to  grow. 

As  a  result,  many  practical  benefits  have  been  achieved. 

But  the  public  has  yet  to  reap  the  full  benefit  of  the  commission's 
vision.  During  the  last  25  years,  the  scale  and  importance  of  oceans 
issues  have  increased  dramatically.  We've  learned  a  lot  about  how 
the  system  works  and  where  the  pressures  on  the  system  are. 
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At  the  same  time,  we  face  decreasing  financial  resources  with 
which  to  work. 

The  oceans  are  important  to  the  nation  as  a  driver  of  weather 
and  clim.ate,  as  a  marine  highway,  to  Hnk  the  United  States  with 
the  global  economy.  About  99  percent  of  all  the  goods  that  come 
into  the  United  States  come  in  ship. 

As  a  vital  source  of  food,  oil  and  gas. 

As  a  source  of  new  medicines  and  other  resources  for  sustainable 
economic  development. 

As  a  source  of  recreational  opportunities  and  a  theater  for  de- 
fense. 

NOAA  works  actively  with  the  Navy,  the  Departments  of  State 
and  Interior,  the  Coast  Guard,  the  Geological  Survey,  the  Defense 
Mapping  Agency,  NASA,  the  National  Science  Foundation,  the  in- 
telligence community.  We  work  closely  with  private  industry,  state 
governments,  academia,  and  environmental  organizations  to  carry 
this  out. 

But  we  have  to  say  that  our  multi-agency  cooperation  efforts 
have  fallen  short  in  meeting  critical  national  goals.  This  short- 
coming costs  the  nation  in  lost  ocean  potential  for  societal  benefits. 
It  harms  the  perception  of  societal  justification  for  the  nation's 
ocean  programs.  And  these  effects  will  grow  as  the  importance  of 
the  oceans  grows. 

The  nation's  oceans  agencies  are  increasingly  constrained  by  re- 
sources. The  ocean  research  budget  is  declining.  For  example, 
ocean  research  has  dropped  from  about  7  percent  to  less  than  4 
percent  of  federal  basic  research  money  in  the  last  14  years,  even 
as  ocean  issues  have  increased  in  importance  and  complexity. 

In  another  example,  NOAA  must  be  able  to  go  to  sea,  for  every- 
thing from  research  to  operations.  And  yet,  our  resources  for  sea- 
going facilities,  whether  in-house  or  contracted  out  to  private  in- 
dustry or  academia,  are  diminishing.  There  is  no  certainty  that  we 
can  gain  replacement  ship  services  for  less  cost. 

In  the  third  example,  opportunities  for  NOAA  to  leverage  multi- 
billion  dollar  defense  systems  before  they  degrade  or  shut  down  are 
also  being  lost.  Ocean  programs  die  without  ships  or  aircraft,  sat- 
ellites, buoys,  computers  or  other  unique  systems. 

These  are  the  tools  we  need  to  gather  data,  process  it,  distribute 
it,  archive  it  for  societal  benefit. 

NOAA  and  its  other  agencies  involved  in  ocean  studies  are  co- 
operating to  keep  our  programs  operational  and  in  the  field.  But 
to  successfully  meet  the  nation's  increasing  important  ocean  needs 
will  require  increased  support. 

Mr.  Chairman,  my  written  testimony  goes  into  detail  on  the  co- 
operative programs  that  NOAA  participates  in  with  the  Depart- 
ment of  Defense,  the  academic  community  and  internationally,  and 
I  won't  try  to  list  those  here.  They'll  be  made  part  of  the  written 
testimony. 

I'd  just  like  to  point  out  that  when  I  took  the  job  as  NOAA  ad- 
ministrator, I  worked  with  DOD  to  strengthen  our  ties  between 
NOAA  and  the  Department  of  Defense  on  oceans  programs  and  sat- 
ellites in  particular  and  established  to  help  along  with  our  very 
strong  Navy  connections  and  Air  Force  connection  so  that  we  have 
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liaison  both  with  the  Air  Force  and  the  Navy,  and  Captain  Klein 
and  Colonel  McMurrow,  who  are  those  liaisons,  are  here  today. 

Let  me  say  that  there  are  enormous  opportunities.  There  is  much 
more  to  be  learned  about  air-sea  interaction.  There's  much  more  to 
be  learned  about  building  sustainable  fisheries.  And  there's  much 
to  be  done  before  we  can  maximize  the  use  of  the  oceans  for  na- 
tional defense,  for  transportation,  industry  and  recreation. 

We've  established  coordination  mechanisms  in  the  government 
and  we  have  a  variety  of  these  things.  But  I  think  one  of  the  things 
we  have  learned  and  one  of  the  things  that  President  Clinton 
pointed  out  in  his  State  of  the  Union  address  is  that  the  govern- 
ment can't  do  it  all. 

We  need  close  cooperation  with  all  the  sectors — government,  pri- 
vate industry,  academic,  environmental  organizations. 

I  think  one  thing  we  might  look  at  is  the  successful  activity  of 
the  President's  Council  on  Sustainable  Development,  which  was  a 
group  that  was  bringing  together  all  of  the  stakeholders  to  look  at 
general  issues  of  sustainable  development.  This  group  had  govern- 
ment representatives  from  Cabinet  agencies,  CEOs  of  major  indus- 
try, government/nongovernmental  organizations  and  civil  rights 
and  labor  community  representatives. 

I  believe  we  could  do  a  similar  thing  for  oceans  issues,  bringing 
together  government,  private  industry,  the  academic  community, 
and  the  environmental  organizations  to  have  a  roundtable,  a  for- 
mally established  roundtable  with  each  party  having  a  formal  seat 
to  talk  about  how  we  could  provide  cohesion  and  focus  to  our  collec- 
tive efforts. 

We  would  want  to  focus  this  on  theme-oriented,  top-level  discus- 
sions that  might  help  move  ocean  programs  more  quickly  to  soci- 
etal benefits.  And  we  might  try  to  expand  these  roundtables  even- 
tually to  include  international  participation. 

I'd  like  to  make  two  points  in  particular  that  we  are  very  con- 
cerned about. 

One  is  that  NOAA  depends  very  strongly  on  extramural  re- 
search. We  depend  on  the  academic  community  for  help.  When  I 
was  working  in  NOAA  as  a  scientist,  I  helped  establish  two  joint 
institutes  between  the  academic  community  and  NOAA.  And  as  ad- 
ministrator, I  have  strongly  supported  extramural  research. 

And  I  can  commit  to  you  that  even  as  we  go  through  budget  cuts, 
we  will  continue  to  support  the  academic  community  at  the  same 
percentage  that  we  do,  or  even  greater  as  we  look  at  the  needs  that 
are  there. 

The  second  point  is  that  we  have  a  very  successful  program  of 
partnership  called  the  Sea  Grant  Program. 

Sea  Grant  has  been  a  powerful  program  of  partnership  between 
the  states,  the  academic  community,  and  the  Federal  Government. 
It  has  allowed  us  to  do  research  in  important  new  areas.  It  has  al- 
lowed us  to  make  the  transition  of  research  to  applications. 

There  are  many  examples  of  how  that  has  worked.  And  I  can  tell 
you  once  again,  we  are  strongly  committed  to  the  Sea  Grant  Pro- 
gram and  we  will  look  to  continuing  that  very  strong  commitment. 
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Let  me  close  by  saying  that  we  believe  that  the  oceans  of  the 
world,  particularly  those  close  to  the  coasts,  are  important  to  our 
commerce,  to  our  health,  and  defense. 

I  don't  think  that  the  situation  of  declining  support  is  in  the  na- 
tional interest  and  that  it  should  be  reversed. 

I'd  be  happy  to  answer  questions.  Thanks. 

[The  prepared  statement  of  Dr.  Baker  follows:] 
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Thank   you,    Messrs.    Chairmen   and  Metribers   of    the   Subcommittees,    for 
this    opportunity   to   testify   about    the   role   played   by   the   National 
Oceanic   and  Atmospheric   Administration    (NOAA)     in    the   Nation's 
ocean   programs.      NOAA  was    formed   25   years   ago   to   serve   as   a    focus 
for    the   delivery  of   a   variety  of   ocean  products   and   services. 
With    such   a   broad  mission,     -    services,    resources,    and    research    -, 
NOAA   has   worked   closely  with  many  agencies    -    both   national    and 
international    -,    with   private    industry,    with   the    academic 
community,    and  Mssrs.    Chairmen,    I    might    add  with   Congress,      which 
has   shown  great    interest   in  ocean   issues   and  provided  much  useful 
guidance    to   all    the   relevant    agencies,    to  accomplish   its   work. 
Today's   hearing    is   a   chance    to   look  broadly   at    the   Nation' s    total 
oceanographic   effort. 

The    Stratton   Commission   envisioned   that   NOAA  would  provide   vital 
services    to    industry  and   the   public   pursuant    to    its   core   mission 
to   describe,    monitor,    and  predict    changes    in   the   Earth's 
environment,    to  promote    the   conservation  and  wise   management   of 
the   Nation's   marine   and   coastal    resources,    and   to   ensure    and 
enhance    sustainable   economic   opportunities.      NOAA  and    its 
partners    have    learned  much   in   those   efforts   and  many  valuable 
practical    benefits   have   been   achieved.      However,    the   public   has 
yet    to   reap   the    full   benefit    of    the   Commission's   vision.    During 
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the  past  25  years,  the  scale  and  importance  of  ocean  issues  has 
increased  dramatically.   We  have  learned  much  about  how  the 
system  works  and  what  the  pressures  are.   At  the  same  time,  we 
face  decreasing  financial  resources  with  which  to  work. 

The  oceans  are  important  to  the  Nation  as  a  driver  of  weather  and 
climate;  as  a  marine  highway  to  link  the  United  States  with  the 
global  economy;  as  a  vital  source  of  food,  oil  and  gas,  new 
medicines  and  other  resources  for  sustainable  economic 
development;  as  a  source  of  recreational  opportunities;  as  a 
theater  for  defense;  and  as  a  source  of  minerals,  energy 
production  and  biological  resources  in  the  future.   NOAA  works 
actively  with  the  U.S.  Navy,  the  Departments  of  State  and  the 
Interior,  the  U.S.  Coast  Guard,  the  U.S.  Environmental  Protection 
Agency,  the  U.S.  Geological  Survey,  the  Defense  Mapping  Agency, 
the  National  Aeronautics  and  Space  Administration,  the  National 
Science  Foundation,  and  the  intelligence  community.   NOAA.  also 
works  with  private  industry,  states,  academia,  and  environmental 
organizations . 

However,  this  multi-agency  effort  falls  short  in  meeting  critical 
national  goals.   This  short-coming  costs  the  Nation  in  lost  ocean 
potential,  and  these  costs  will  grow  as  the  importance  of  the 
oceans  grows.  Just  three  examples  to  highlight  here:  The  Nation's 
research  budget  is  declining,  and  with  it  the  ocean  research 
budget.   The  ocean  science  community  has  not  fared  well  for 
resources  vis-a-vis  the  research  community-at-large .   For 
example,  an  anylisis  by  CORE,  ocean  research  has  dropped  from 
about  7  percent  to  less  than  4  percent  of  federal  basic  research 
money  in  the  last  14  years,  even  as  ocean  issues  have  increased 
in  importance  and  complexity.   A  second  point  involves  our  fleet. 
NOAA  must  be  able  to  go  to  sea  for  everything  from  research  to 
operations,  yet  our  resources  for  sea-going  facilities,  whether 
in  house  or  contracted  out,  are  diminishing.   There  is  no 
certainty  that  NOAA  can  gain  replacement  ship  services  for  equal 
or  less  cost.   In  a  third  example,  opportunities  for  NOAA  to 
leverage  multi-billion  dollar  defense  systems  before  they  degrade 
or  are  shut  dov/n,  are  being  lost. 

The  opportunities  are  enormous:   There  is  more  to  be  learned 
about  air- sea  interaction;  there  is  more  to  be  learned  before  we 
achieve  sustainable  marine  fisheries;  and  there  is  much  to  be 
done  before  we  can  maximize  the  use  of  the  oceans  for 
transportation,  industry,  and  recreation.   Support  must  be 
available  for  the  infrastructure  required  to  obtain  data,  process 
it,  distribute  it,  and  archive  it. 

During  NOAA' s  quarter  century,  much  has  been  learned  about  how 
the  oceans  interact  with  the  atmosphere  to  influence  weather  and 
climate.   Much  has  been  learned  about  the  limits  of  marine  living 
resources  and  about  the  broad  threats  that  marine  ecosystems 
face.   And  much  has  been  done  to  improve  the  quality  of  products 
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and  services  offered  to  the  Nation's  ocean  users. 

NOAA  is  improving  the  accuracy  of  short-term  warnings  and  weather 
forecasts.   For  example,  NOAA  recently  inaugurated  a  new 
hurricane  forecast  model  that  it  has  been  developing  for  several 
years.   The  model  is  expected  to  save  lives  and  property  for  many 
years  to  come.   NOAA  is  working  to  implement  seasonal  and  inter- 
annual  climate  forecasting.   For  example,  data  from  a  new 
monitoring  system  in  the  Pacific  Ocean  will  detect  El  Nino  events 
and  permit  seasonal  forecasts  of  its  effects.   NOAA  is 
contributing  to  achieve  a  prediction  capability  for  decadal  and 
even  centennial  climate  change. 

The  recently  completed  Tropical  Ocean  Global  Atmosphere  (TOGA) 
project  has  increased  our  understanding  of  seasonal  and  inter- 
annual  climate  variability.   NOAA  was  a  major  participant  in 
TOGA,  which  focused  on  the  tropical  Pacific  Ocean  and  which 
bequeathed  a  monitoring  network,  known  as  the  Tropical  Atmosphere 
Ocean  (TAO)  array.   The  TAO  array  is  composed  of  69  deep-moored 
buoys  which  span  one-third  of  earth's  circumference,  across  the 
tropical  Pacific  from  95  degrees  west  to  137  degrees  east 
longitude.   NOAA  will  lead  the  project  to  maintain  the  TAO 
monitoring  array,  with  participation  by  Japan,  Korea,  Taiwan,  and 
France  . 

Data  from  the  TAO  array  will  give  early  warning  of  El  Nino 
events,  and  will  be  used  in  models  that  have  shown  predictive 
capability  beyond  the  tropical  Pacific  Ocean.   For  example, 
recent  heavy  rains  in  California  and  the  southeastern 
United  States  are  largely  explicable  as  an  ancillary  effect  of  El 
Nino/Southern  Oscillation  -  the  east-west  movement  over  a  period 
of  years  of  warm  surface  water  between  Indonesia  and  Peru.   To 
derive  maximum  benefit  from  continued  operation  of  the  TAO  array, 
improvements  must  be  realized  in  the  predictive  capability  beyond 
the  tropical  Pacific.   Toward  this  end,  NOAA  is  working  at  its 
Geophysical  Fluid  Dynamics  Laboratory  in  conjunction  with 
Princeton  University  and  some  other  federal  and  international 
groups  that  also  do  environmental  modeling.   NOAA  will  also 
participate  in  the  follow-on  Global  Ocean-Atmosphere-Land  System 
(GOALS)  study,  undertaken  as  part  of  the  Climate  Variability  and 
Predictability  Programme  of  the  World  Climate  Research  Programme. 
On  the  larger  time  scales,  NOAA  is  involved  in  the  World  Ocean 
Circulation  Experiment  (WOCE)  and  the  Joint  Global  Ocean  Flux 
Study  (JGOFS) . 

WOCE 

The   World  Ocean  Circulation   Experiment     (WOCE)    is   a   multi-national 
effort    that   will    last   until    1997.      WOCE    is   designed   to   learn 
about    large-scale   circulation   and   long-term  changes    in   the   ocean. 
While    it    is   known   that    the   ocean   and   the    atmosphere    interact 
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strongly,  the  feedback  mechanisms  coupling  them  are  not  well 
understood.   For  example,  it  is  believed  that  the  oceans  can 
initially  act  both  as  a  "heat  sink"  and  as  a  "sink"  for 
greenhouse  gases  that  are  taken  up  in  the  oceans.   As  the  oceans 
warm,  their  ability  to  hold  gases  in  solution  will  decrease,  but 
this  may  be  offset  by  an  increase  in  phytoplankton  which  take  up 
C02 .   Also  as  the  oceans  warm,  general  ocean  circulation  and 
mixing,  which  make  the  full  ocean  volume  available  as  a  heat  and 
gas  "sink",  may  be  altered.   The  ocean  variables  are  numerous  and 
complex,  but  they  will  greatly  affect  the  rate  of  global  warming. 
Currently,  the  lack  of  data  and  of  computing  power  limit  ocean 
circulation  models.   NOAA  is  actively  involved  in  helping  to 
resolve  both  these  limitations. 

JGOFS 

The  Joint  Global  Ocean  Flux  Study  (JGOFS)  is  an  international 
effort,  involving  more  than  30  nations,  to  identify  and  quantify 
the  movement  of  carbon  between  the  ocean  and  the  atmosphere. 
Since  continuous  measurements  of  atmospheric  carbon  dioxide  (C02) 
began  in  1957,  the  concentration  of  C02  has  risen  from  305  to  357 
parts  per  million  by  volume.   Of  the  several  radiatively 
important  "greenhouse"  gases,  it  is  estimated  that  C02  will 
contribute  more  than  half  of  the  global  warming  effect.   But  C02 
goes  easily  into  the  ocean  through  biological  uptake  and 
solution.   Understanding  the  processes  by  which  C02  is  removed 
from  the  atmosphere  is  important  to  predicting  climate  change. 

LIVING  RESOURCES 

Next  I  would  like  to  focus  on  programs  in  which  NOAA  cooperates 
with  international  and  national  organizations  to  conserve  and 
manage  living  marine  resources.   World  fisheries  are  generally 
being  over-exploited.   If  this  continues  it  will  jeopardize  these 
fisheries  as  a  source  of  food  for  a  growing  world  population. 
The  U.S.  must  work  in  concert  with  other  nations  to  promote 
healthy  coastal  and  marine  ecosystems,  and  to  develop  sustainable 
use  of  ocean  and  coastal  living  resources.   NOAA  has  been  the 
technical  focus  for  U.S.  development  and  participation  in  several 
treaties.   For  example,  NOAA  played  a  significant  role  in  the 
negotiation  of  the  recently  signed  Agreement  on  Straddling  Stocks 
and  Highly  Migratory  Species  whicb  represents  an  elaboration  of 
the  principles  set  forth  in  the  UN.  Convention  on  the  Law  of  the 
Sea  (UNCLOS) .   Also,  U.S.  leadership  was  instrumental  in  bringing 
about  the  Commission  on  the  Conservation  of  Antarctic  Marine 
Living  Resources  (CCAMLR) ,  which  is  the  first  international 
fisheries  agreement  that  is  based  on  a  whole  ecosystem  fisheries 
management  approach.   NOAA  has  conducted  several  cruises  in 
Antarctic  waters  to  support  this  agreement.   NOAA  was  also 
involved  in  the  development  of  a  regional  fisheries  agreement  for 
the  "Donut  Hole"  in  the  Bering  Sea,  and  in  getting  United  Nations 
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acceptance  of  the  moratorium  on  driftnet  fishing  on  the  hie. 
seas.   A  NOAA-Academic  partnership  in  the  Bering  Sea  under  lOAA's 
Coastal  Ocean  Program  provided  key  scientific  information  fsr 
reaching  this  agreement.   Other  examples  of  international 
fisheries  management  agreements  in  which  NOAA  is  involved  are: 
the  International  Convention  for  the  Conservation  of  Atlantic 
Tunas;  the  Inter-American  Tropical  Tuna  Commission;  the  South 
Pacific  Tuna  Treaty;  the  Atlantic  and  Pacific  Salmon  Commissions; 
the  North  Pacific  Anadromous  Fish  Commission;  the  International 
Whaling  Commission,  the  Pacific  Halibut  Commission,  and  the 
MEXUS-Gulf  and  MEXUS-Pacif ico  agreements. 

NOAA  is  a  leader  in  the  Global  Ocean  Ecosystem  Dynamics  (GLOBEC) 
Research  Program,  an  interagency  effort  to  understand  the  nature, 
rate,  and  causative  factors  of  changes  to  marine  ecosystems  and 
associated  fishery  resources.   Present  efforts  under  GLOBEC  are 
focusing  on  understanding  the  role  of  climate  in  the  problems  of 
Georges  Banks  fisheries.   This  effort  and  a  companion  Coastal 
Ocean  Program  project  focused  on  predation  effects  are  designed 
to  support  the  recovery,  and  ultimate  sustainability,  of  Georges 
Bank  fisheries.   Future  studies  are  planned  off  California  and  in 
the  Bering  Sea. 

COASTAL  PROGRAMS 

The  United  States  is  blessed  with  coastal  areas  of  astounding 
beauty  and  natural  richness.   Its  bright  sandy  beaches;  its  rocky 
shorelines;  its  vibrant  coral  reefs;  and  its  teeming  bays, 
sounds,  and  marshes  are  nurseries  for  valuable  fish  and 
shellfish,  birds,  and  other  wildlife.   However,  these  coastal 
areas  are  also  home  to  a  growing  human  population  whose 
activities  stress  coastal  ecosystems.   In  multi-agency  and 
intergovernmental  cooperation,  NOAA  is  working  with  federal, 
state,  and  local  partners  to  address  specific  coastal  problems  in 
seven  geographic  regions:   Alaska,  Pacific  Northwest,  Pacific 
Southwest  (including  Hawaii),  Gulf  of  Mexico,  Southeast, 
Northeast,  and  Great  Lakes.   NOAA  hopes  that  this  partnership 
will  ensure  that  our  Nation's  stewardship  of  coastal  areas  and 
living  resources  is  coordinated,  efficient,  and  successful.   The 
effort  is  directed  to  sustaining  healthy  coastal  ecosystems 
through  environmentally-responsible  coastal  development. 

NOAA  provides  national  leadership  in  the  area  of  coastal  zone 
management  by  administering  the  Coastal  Zone  Management  Act  in 
cooperation  with  both  federal  and  state  agencies.   NOAA  also 
oversees  the  National  Marine  Sanctuary  and  Estuarine  Research 
Reserve  programs  which,  despite  severely  limited  agency 
resources,  have  gained  interal  recognition  as  models  of 
integrated  management  and  protection  of  sensitive  marine  areas. 
Also,  in  cooperation  with  other  federal  agencies,  NOAA  oversees 
adherence  to  several  international  instruments,  including  the 
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International  Convention  on  the  Prevention  of  Pollution  from 
Ships  (MARPOL) ;  the  International  Convention  on  the  Prevention  of 
Wastes  and  Other  Matter  (the  London  Convention) ,  and  customary 
international  law  as  reflected  in  the  1982  Law  of  the  Sea 
Convention.   Pursuant  to  its  statutory  authority  under  the  Ocean 
Dumping  Act,  NOAA  conducts  a  program  for  monitoring  and 
assessment  of  the  condition  of  dumpsites  and,  in  conjunction  with 
other  federal  agencies,  participates  in  formulating  U.S. 
positions  for  the  London  Convention  which  regulates  ocean  dumping 
on  the  international  level. 

NOAA' s  Coastal  Ocean  Program  is  supporting  Federal -academic 
research  partnerships  for  assessing  and  predicting  tne   effects  of 
multiple  stresses  in  coastal  environments,  incluc mc  the  Florida 
Keys,  Florida  Bay,  the  Chesapeake  Bay,  coastal  Louisiana,  the 
Great  Lakes,  the  Pacific  northwest,  and  Long  Island.   NOAA' s 
Coastwatch  program  provides  coastal  users  with  timely  ocean 
remote  sensed  data.   NOAA  is  also  a  partner  in  the  Coastal 
America  Program  that  is  taking  action  to  deal  with  problems  such 
as  coastal  habitat  degradation  and  loss,  nonpoint  source 
pollution,  and  contaminated  sediments. 

NAVIGATIONAL  ISSUES 

The  oceans  are  a  significant  part  of  the  world's  highways,  and 
increasingly  so.   Shipping  accounts  for  over  95%  of  the  U.S. 
international  trade- -a  rapidly  growing  sector  of  this  Nation's 
economy.   In  turn,  issues  involving  navigation,  safety,  and 
protection  of  the  marine  environment  become  more  crucial.   With 
respect  to  navigation,  in  fulfilling  its  statutory  responsibility 
for  surveying  and  preparing  the  nautical  charts  of  the  Nation's 
coastal  waters,   NOAA  works  in  coordination  with  several 
agencies,   including  the  U.S.  Coast  Guard,  the  Defense  Mapping 
Agency,  and  the  Departments  of  State  and  the  Interior.   NOAA  is 
expanding  the  use  of  private  contract  resources  to  conduct  new 
hydrographic  surveys  of  our  port  and  harbor  approach  areas  to 
replace  surveys   that  are  more  than  50  years  old.   NOAA  is  also 
working  with  the  Coast  Guard,  the  maritime  community  and  private 
sector  partners  to  develop  a  new  generation  of  navigation 
products  based  on  electronic  chart  technologies.   The  first  of 
these  products,  digital  raster  charts,  produced  and  distributed 
by  the  private  sector,  are  now  available  for  most  U.S.  waters. 

Also,   NOAA  is  a  member  of  the  Baseline  Committee,  an  interagency 
group  that  addresses  the  ongoing  questions  involving  depiction  of 
the  U.S.  baselines  used  to  determine  our  international  marine 
boundaries.   NOAA  also  worked  with  the  Coast  Guard,  and 
Departments  of  Defense  and  State  to  provide  for  the  ability  to 
implement  systems  for  mandatory  reporting  and  routing  of  vessels. 
As  part  of  its  damage  assessment  program,  NOAA  works  closely  with 
other  agencies  such  as  the  Coast  Guard  in  carrying  out  its  marine 
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resource  trusteeship  responsibilities  set  forth  in  the  Oil 
Pollution  Act.  NOAA  also  coordinates  enforcement  efforts  with 
the  Coast  Guard  not  only  in  the  area  of  fisheries  enforcement, 
but  also  with  respect  to  marine  sanctuaries.  Coordinated  efforts 
such  as  these  contribute  greatly  to  safety  of  life  at  sea,  the 
safety  and  efficiency  of  navigation,  and  the  protection  of  the 
marine  environment. 

NATIONAL  SEA  GRANT  COLLEGE  PROGRAM 

The  National  Sea  Grant  College  Program,  managed  by  NOAA' s  Office 
of  Oceanic  and  Atmospheric  Research,  is  a  network  of  over  3,000 
scientists,  engineers,  educators,  students,  and  outreach 
specialists  in  over  300  institutions  nation-wide.   The  Sea  Grant 
Program  supports  university-based  research,  education,  and 
technology  transfer  to  support  the  needs  of  people,  industry,  and 
governments  concerned  with  coastal,  ocean,  and  Great  Lakes 
issues.   From  dealing  with  the  Zebra  Mussel,  to  improving  genetic 
strains  for  aquaculture  and  investigating  the  pharmaceutical 
potential  of  diverse  marine  life,  the  Sea  Grant  Program  binds 
academia  and  government  to  investigate  techniques  for  deriving 
sustained  benefit  from  the  oceans.   The  common  goal  of  the  Sea 
Grant  program  at  all  educational  institutions  is  to  provide 
educators  with  insights  into  contemporary  marine  and  aquatic 
issues,  and  to  provide  the  strategies  to  bring  information  on 
these  issues  to  students.   For  example.  Operation  Pathfinder  is  a 
program  to  provide  curricular  training  in  oceanography  and 
coastal  processes,  during  12-day  summer  sessions,  to  elementary 
and  middle-school  teachers.   To  foster  technology  transfer  to 
industry,  the  Sea  Grant  Industrial  Fellows  Program  began  this 
year  as  a  trial  effort,  with  seven  graduate  students  selected  to 
collaborate  for  closer  corporate/school  ties. 

NURP 

NOAA's  Undersea  Research  Program  (NURP)  is  dedicated  to 
coordinating  and  supporting  safe  in-situ  marine  and  large  lake 
research  using  the  most  modern  tools  available,  including  manned 
submersibles,  air  and  mixed  gas  diving,  remotely  operated 
vehicles,  and  undersea  habitats.   In  this  effort,  NOAA  relies 
heavily  on  U.S.  Navy  assets  to  support  principal  investigators  in 
civil  studies  related  to:   undersea  biological  productivity  and 
recruitment,  coastal  oceanic  and  estuarine  processes,  pathways 
and  fates  of  contaminant  material,  mineral  resources,  ocean 
technology,  and  diving  safety  and  physiology.   For  example,  NOAA 
has  cooperated  with  the  Navy  in  the  use  of  DSV  TURTLE;  DSV  SEA 
CLIFF;  the  DSRV  ALVIN;  the  unmanned  Advanced  Tethered  Vehicle; 
and  the  nuclear  submarines  NR-1,  USS  PARGO,  and  USS  CA VALLA. 
Since  1993,  over  $950  thousand  has  been  transferred  from  NURP  to 
the  Navy  to  cover  part  of  the  cost  of  using  these  vehicles  for 
civil  ocean  research.   NURP  is  the  U.S.  representative  under  the 
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United  States- Japan  Cooperative  Program  in  Natural  Resources, 
which  includes  the  use  of  SHINKAI  2000  and  SHINKAI  6500  - 
presently  the  world's  deepest  diving  capability. 

There  are  six  regional  Undersea  Research  Centers,  associated  with 
marine  schools,  that  carry  out  the  NURP  mission:  the  Northeast 
and  Great  Lakes  (University  of  Connecticut,  Avery  Point);  the 
Mid-Atlantic  Bight  (Rutgers  University)  ,-  the  Southeast  and  Gulf 
of  Mexico  (University  of  North  Carolina,  Wilmington) ;  the 
Caribbean  (Florida  State  University,  University  of  South 
Carolina,  Oregon  State  University,  College  of  William  and  Mary- 
Virginia  Institute  of  Marine  Science)  ;  West  Coast  and  Alaslta 
(University  of  Alas)ca,  Fairbanks)  ;  and  Hawaii/Western  Pacific 
(University  of  Hawaii,  Manoa) .   Investigators  from  108  colleges 
and  universities,  and  31  state  and  federal  agencies  participated 
in  670  manned  submersible  dives,  360  remotely  operated  vehicle 
dives,  and  over  12,000  mixed  gas  dives  conducted  with  NURP 
support  in  1994.   There  were  no  serious  accidents  during  these 
activities . 

NOAA  SATELLITE  OCEANOGRAPHIC  REMOTE  SENSING  (NSORS) 

Through  the  National  Environmental  Data  and  Information  Service 
(NESDIS) ,  NOAA  operates  the  world's  largest  constellation  of 
environmental  observation  satellites.   Although  the  NOAA  Polar- 
orbiting  Operational  Environmental  Satellites  (POES)  and 
Geostationary-orbiting  Operational  Environmental  Satellites 
(GOES)  were  designed  primarily  as  meteorological  satellites  and 
their  sensor  suites  are,  therefore,  optimized  for  weather 
observations,  warning  and  predictions,  these  satellites  are 
global  observing  systems  and  have  several  important  applications 
in  ocean  monitoring. 

A  program  is  under  development  within  NESDIS  to  exploit  the  very 
large  financial  investment  in  oceanographic  satellites  being  made 
by  the  U.S.,  European  nations  and  Japan.   This  effort  is  called 
the  NOAA  Satellite  Ocean  Remote  Sensing  (NSORS)  initiative. 
NSORS  will  provide  an  opportunity  to  access  oceanographic  data 
from  non-NOAA  spacecraft,  create  products  and  services  based  on 
those  data,  and  distribute  data  and  data  products  to  users, 
including  use  of  the  NOAA  CoastWatch  program.   NSORS  has  four 
principal  thrusts:  1)  all-v;eather  sea/ice/land  observations, 
2) multispectral  ocean  color  measurements,  3)  wind  direction  and 
speed  observations,  and  4)  utilization  of  un-classif ied  data  to 
enhance  existing  civil  capabilities. 


JOINT  INSTITUTES 

The  Office  of  Oceanic  and  Atmospheric  Research  supports  10  Joint 
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Institutes  of  which  6  deal  with  the  oceans.   These  Joint 
Institutes  combine  the  resources  of  NOAA's  eleven  Environmental 
Research  Laboratories  with  selected  universities.   The  intent  of 
the  Joint  Institutes  is  to  form  centers  of  excellence  in 
specialized  fields.   Joint  Institutes  are  a  mechanism  for 
technology  development  and  technology  transfer  to  the  private 
sector.   The  ocean-related  Joint  Institutes  are:  the  Cooperative 
Institute  for  Arctic  Research  (CIFAR)  with  the  University  of 
Alaska -Fairbanks;  the  Cooperative  Institute  for  Marine  and 
Atmospheric  Studies  (CIMAS)  with  the  University  of  Miami's 
Rosenstiel  School  of  Marine  and  Atmospheric  Sciences;  the  Joint 
Institute  for  Marine  and  Atmospheric  Research  (JIMAR)  with  the 
University  of  Hawaii;  the  Joint  Institute  for  Study  of  the 
Atmosphere  and  Ocean  (JISAO)  with  the  University  of  Washington; 
the  Atmospheric  and  Oceanic  Sciences  Program  (AOSP)  with 
Princeton  University;  and  the  Cooperative  Institute  for  Marine 
Resources  Studies  (CIMRS)  with  Oregon  State  University. 

NOAA  COOPERATION  WITH  THE  DEPARTMENT  OF  DEFENSE 

Now  I  would  like  to  focus  on  NOAA's  cooperation  with  the 
Department  of  Defense  (DoD) .   NOAA's  predecessors,  the  U.S. 
Weather  Bureau  and  the  U.S.  Coast  and  Geodetic  Survey,  were 
associated  with  the  armed  forces  in  meteorological  services  and 
nautical  charting  almost  from  the  start  of  the  country. 
Cooperation  to  carry  out  these  functions  continues  today.   In 
addition,  since  the  end  of  the  Cold  War,  opportunities 
have  arisen  for  the  civil  use  of  defense  and  intelligence 
systems,  and  for  the  civil  use  of  environmental  data  acquired  for 
defense  purposes.   In  general,  these  systems  and  data  sets  are 
unique,  because  the  civilian  agencies  could  never  hope  to 
duplicate  them  on  their  own.   NOAA  has  been  one  of  the  most  pro- 
active agencies  in  seeking  opportunities  for  civilian  access  to 
defense  systems  and  data.   But  resource  incommensurability  has 
inhibited  progress. 

lUSS 

Following  the  Cold  War,  the  U.S.  Navy  sought  to  restructure  its 
strategic  anti-submarine  warfare  system  -  the  Integrated  Undersea 
Surveillance  System  (lUSS) .   This  restructuring  was  driven  by  the 
relative  decline  in  the  "blue  water"  suomarine  threat  and  the 
increase  in  the  coastal  "brown  water"  submarine  threat.   The 
oldest  component  of  the  lUSS  is  the  Sound  Surveillance  System 
(SOSUS) ,  which  is  a  network  of  fixed,  passive-listening 
hydrophones  that  are  most  effective  in  the  "blue  water"  arena. 
Navy  has  deactivated  serveral  SOSIS  arrays   Some  scientists 
without  security  clearances  are  aware  of  the  capability  of  the 
SOSUS  arrays  to  monitor  whale  vocalizations,  to  detect  natural 
underwater  seismic  noises,  to  assist  in  fisheries  enforcement  in 
international  waters,  and  to  conduct  long-path  ocean  temperature 
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measurements  that  will  be  a  key  indicator  of  climate  change. 
(The  latter  is  accomplished  by  precise  determination  of 
transmission  time  for  low-frequency  acoustic  signals) .   The  value 
of  SOSUS  data  to  advance  marine  mammal  studies,  sea- floor  studies 
(such  as  hydrothermal  venting,  volcanic  activity,  sea-floor 
spreading,  and  earthquake  research),  climate  change  studies,  and 
fishing  enforcement  is  clear.   The  Navy  has  allowed  NOAA 
scientists  access  to  SOSUS  data  from  arrays  that  the  Navy 
continues  to  operate  in  support  of  their  mission.   For  example, 
Dr.  Christopher  Fox,  with  NOAA's  Pacific  Marine  Environmental 
Laboratory,  won  a  1994  Department  of  Commerce  Gold  Medal  for  his 
work  using  SOSUS  data  from  an  array  off  the  Washington/Oregon 
coast.   However,  another  array  in  Bermuda,  which  had  great 
potential  for  marine  mammal  studies  in  the  North  Atlantic,  has 
been  closed.   The  Navy  took  caution  to  close  the  facility  in  a 
manner  that  will  permit  future  access.   NOAA  is  now  working  other 
groups  to  permit  reactivating  the  Bermuda  SOSUS  array  for 
scientific  use.   Success  in  this  endeavor  will  depend  upon 
funding  of  arrays  and  implamenting  of  security  screening 
procedures  prior  to  release  of  the  data. 

An  interagency  working  group  on  lUSS  Dual  Use,  in  which  NOAA 
participated,  was  chaired  by  an  official  from  the  Office  of  the 
Director  of  Defense  Research  and  Engineering.   The  group  issued  a 
report  in  December,  1994  that  found  scientific  utility  in  the 
lUSS,  especially  the  SOSUS.   It  recommended  a  3-5  year  focused 
research  effort  to  develop  this  scientific  value.   However,  it 
found  that  civil  agencies  participating  in  the  study  would  not 
fund  long-term  operation  of  SOSUS  arrays  no  longer  needed  by  the 
Navy.   The  scientific  use  of  SOSUS  has  been  a  limited  success. 
The  Navy  has  been  cooperative  where  it  has  maintained  arrays;  the 
scientific  value  of  SOSUS  data  has  been  proven;  and  much  valuable 
scientific  work  has  been  accomplished  already.   However,  where 
SOSS  arrays  have  been  shut  down,  as  in  Bermuda,  they  will  degrade 
in  an  unpowered  condition  and  a  unique  opportunity  to  gather 
scientific  data  by  leveraging  a  multi-billion  dollar  defense 
investment  will  be  lost. 

OTH-B 

Following  the  Cold  War,  the  U.S.  Air  Force  had  no  mission 
requirement  for  two  multi-billion  dollar  Over-The-Horizon  - 
Backscatter  (OTH-B)  radars,  located  in  California  and  Maine. 
These  powerful  radars  achieve  great  detection  ranges  by  bouncing 
high-frequency  radio  waves  off  the  ionosphere.   For  example,  the 
east  coast  radar  can  look  across  the  Atlantic  to  Europe,  North 
Africa  and  northern  South  America.   The  west  coast  radar  can  look 
over  the  entire  Aleutian  Islands  and  past  Hawaii.   Designed  to 
detect  aircraft,  the  radars  can  also  detect  sea-surface 
conditions  and  the  radial  component  of  ocean  surface  current. 
From  sea  surface  conditions,  wind  field  patterns  over  the  entire 
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North  Atlantic  and  North  Pacific  Oceans  can  be  derived.   The  Air 
Force  permitted  Dr.  Tom  Georges,  with  NOAA's  Environmental 
Technology  Laboratory,  to  use  the  east  coast  OTH-B  radar  for 
research.   Using  the  radar.  Dr.  Georges  provided  information  to 
NOAA's  National  Hurricane  Center  (NHC)  on  wind  fields  associated 
with  hurricanes  during  part  of  the  1994  and  1995  hurricane 
seasons.   NHC's  analysis  was  that  the  data  was  a  valuable 
addition  to  information  from  satellites  to  forecast  hurricanes. 
It  provided  a  continuous,  broad  area  presentation  of  changing 
surface  wind  direction  not  available  from  satellite  data.   Both 
the  east  and  west  coast  OTH-B  radars  have  now  been  shut  down. 
But  the  Air  Force  is  investigating  letting  Dr.  Georges  continue 
his  research  on  an  Australian  OTH-B  radar,  as  part  of  a 
Memorandum  of  Agreement  between  the  U.S.  and  Australian  Air 
Forces. 

RQTHRS 

The  U.S.  Navy  still  operates  ionospheric  backscatter  radars  in 
support  of  the  counter-drug  mission  for  the  Caribbean  and  Gulf  of 
Mexico  region.   Called  Relocatable  Over-The-Horizon  Radars 
(ROTHRs) ,  these  radars  do  not  possess  the  immense  range  and  area 
coverage  of  the  Air  Force  OTH-B  radars,  but  they  offer  the  unique 
advantage  of  parallactic  data  from  two  radars  -  one  located  in 
Virginia  and  one  in  Texas.   {A  third  radar  may  be  opened  in 
Puerto  Rico.)   The  Navy  has  permitted  Dr.  Georges  to  work  with 
the  radars  on  a  not-to-interf ere  basis  with  the  primary  mission. 
In  addition  to  wind  field  information  over  the  Caribbean  and  Gulf 
of  Mexico  that  is  useful  to  the  National  Hurricane  Center,  Dr. 
Georges  has  demonstrated  the  ability  to  generate  surface  current 
vectors  that  are  useful  to  the  U.S.  Coast  Guard  in  search  and 
rescue  efforts  and  in  predicting  oil  spill  trajectories.   In  the 
future.  Dr.  Georges  would  like  for  his  work  to  be  designated  a 
secondary  mission  for  the  radars,  but  doing  so  would  make  NOAA 
responsible  for  a  share  of  operating  costs  -  a  financial  burden 
that  NOAA  cannot  accept . 

WORK  WITH  THE  NAVY 

NOAA  cooperates  closely  with  the  Navy,  as  evidenced  by  the  24 
Memoranda  of  Understanding  (MOUs)  and  Memoranda  of  Agreement 
(uioas)  now  in  effect.   Here  are  a  few  examples  of  our  cooperation 
with  the  Navy.   The  National  Ice  Center  in  Suitland,  Maryland  is 
operated  jointly  by  NOAA  and  the  Navy  to  provide  ice  forecasts 
for  the  safety  of  mariners  and  for  high  latitude  operations. 
NOAA  and  the  Navy  cooperate  for  meteorological  forecasting  in  the 
Pacific  -  especially  for  typhoon  warnings.   We  also  cooperate  in 
areas  as  diverse  as  environmental  modeling,  supercomputing 
capability,  oceanographic  data  archiving  (at  NOAA's  National 
Oceanographic  Data  Center) ,  the  use  of  undersea  craft,  shared 
processing  of  satellite  data,  ocean  science  research  with  the 
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Naval  Postgraduate  School,  logistic  support  for  operations  in 
connection  with  the  MONITOR  Marine  Sanctuary,  and  the  collection 
of  information  to  support  NOAA' s  real-time  navigational 
information  systems. 

DEFENSE  HYDROGRAPHIC  INITIATIVE 

The  Defense  Hydrographic  Initiative  (DHI)  was  established  by 
formal  charter  on  June  20,  1991  to  coordinate  hydrographic  and 
bathymetric  mapping  among  the  Defense  Mapping  Agency  (DMA) ,  the 
Oceanographer  of  the  Navy  (N096),  and  NOAA's  National  Ocean 
Service.   It  is  a  real  success  story.   The  DHI  has  leveraged 
federal  resources  by  developing  a  common  approach  to  the 
assessment  of  errors  associated  with  bathymetric  data,  by 
completing  the  design  of  a  data  collection  system  that  will 
permit  ship-of -opportunity  data  collection  {including  ships  from 
academia,  industry,  Navy,  DMA,  NOAA,  and  abroad),  and  by 
development  of  a  Hydrographic  Source  Assessment  System  (HYSAS) . 
These  developments  will  lead  to  a  master  sea-floor  digital 
database  that  will  contain  the  highest  quality  sea-floor  data, 
and  that  will  be  accessible  for  scientific  research,  sea-floor 
engineering,  environmental  assessment,  and  marine  navigation 
applications . 

SUBMARINE  ARCTIC  SCIENCE  CRUISES 

The  multi-agency  MOA  regarding  the  use  of  nuclear  submarines  to 
accomplish  scientific  research  in  the  Arctic  Ocean  epitomizes  how 
dual -use  should  work.   The  Navy  desires  to  retain  an  operational 
capability  in  the  Arctic,  and  to  increase  its  scientific 
understanding  of  the  environment  in  which  it  must  operate. 
Toward  this  end,  the  Office  of  Naval  Research  (ONR)  invited 
civilian  scientists  to  worlc  with  scientists  at  the  Navy  Arctic 
Research  Laboratory.   Navy  initiated  the  MOA  for  a  Submarine 
Arctic  Science  Cruise  Program  (SCICEX) .   The  MOA  was  signed  by 
Navy,  NOAA,  the  National  Science  Foundation,  and  the  U.S. 
Geological  Survey  in  June,  1994.   Two  cruises,  one  by  the  USS 
PARGO  and  one  by  the  USS  CAVALLA,  have  already  been  completed  and 
planning  for  SCICEX- 96  is  well  along.   Dr.  Ted  DeLaca,  Director 
of  the  Office  of  Arctic  Research  at  the  University  of  Alaska, 
with  which  NOAA  has  the  Cooperative  Institute  for  Arctic 
Research,  was  the  chief  scientist  for  both  cruises.   The  crews  of 
the  submarines  were  extremely  supportive  of  the  civilian 
scientists,  and  all  scientific  data  was  declassified  shortly  upon 
completion  of  the  cruises  making  it  available  to  the  scientific 
community-at - large .   Already,  significant  new  findings  have  been 
made  that  influence  geological,  geophysical,  biological,  and 
oceanographic  thinking  about  the  Arctic  region.   On  their  own, 
the  civil  agencies  could  never  have  duplicated  the  capability 
offered  by  the  Navy's  nuclear  submarines.   Prior  to  each  cruise, 
a  Science  Steering  Committee,  composed  of  a  member  from  each 
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signatory  agency  to  the  MOA,    screens   invited  scientific  proposals 
for  participation.      The  Navy  asks   only   that   agencies   sponsor 
principal    investigators  with  contributory   funding   related   to   the 
cost   of    their   scientific   equipment   and  data  handling. 

HYP ICE 

NOAA  is  participating  in  an  MOU  with  the  Central  Intelligence 
Agency  (CIA)  and  several  other  agencies  to  design,  test,  and 
exploit  an  unclassified,  advanced,  airborne,  electro-optical 
remote  sensing  instrument  with  ocean  measuring  capability.   This 
project,  called  the  Hyperspectral  Digital  Imaging  Collection 
Experiment  (HYDICE) ,  is  being  headed  by  the  Naval  Research 
Laboratory  (NRL) .   A  prototype  HYDICE  instrument  has  been 
completed  and  in-flight  testing  is  well  underway.   From  early 
flight  data,  representatives  from  participating  agencies,  all 
experts  in  different  applications  of  remotely  sensed  information, 
agree  that  HYDICE  will  have  both  civilian  and  military 
applications.   The  participating  civilian  agencies  will  gain 
access  to  hyperspectral  data  from  an  unclassified  system  that 
they  could  never  afford  to  develop  on  their  own.   HYDICE  data 
will  be  useful  to  NOAA  for  such  missions  as  sustaining  coastal 
ecosystem  health,  and  discussion  is  underway  to  fly  HYDICE  on 
NOAA  aircraft. 

ACTIVE  LIAISON 

The  NOAA  Corps  is  an  effective  cadre  promoting  NCAA's  liaison 
with  other  agencies,  especially  DoD  and  the  intelligence 
community.   For  example,  NOAA  officers  are  assigned  to  liaison 
with  the  Oceanographer  of  the  Navy  (N096) ,  the  Naval  Meteorology 
and  Oceanography  Command  (NMOC) ,  the  Naval  Postgraduate  School 
(NPS) ,  the  Defense  Mapping  Agency  (DMA) ,  the  National  Ice  Center 
(NIC) ,  the  National  Polar  Orbiting  Satellite  Convergence  Office, 
the  Central  Intelligence  Agency  (CIA),  and  the  U.S.  Coast  Guard. 
One  officer  is  assigned  specifically  to  coordinate  NOAA  access  to 
military  and  intelligence  systems.   The  NOAA  fleet,  operated  by 
the  Office  of  NOAA  Corps  Operations,  has  acquired  two  ships  from 
the  Navy.  These  ships  are  the  T-AGOS  ships  RELENTLESS  and  TITAN 
that  were  previously  operated  as  part  of  the  U.S.  Navy's 
Integrated  Undersea  Surveillance  System. 

WORK  WITH  THE  AIR  FORCE  -  GPS 

NOAA  further  has  advanced  ocean  studies  through  its  cooperation 
with  the  U.S.  Air  Force  and  the  Defense  Mapping  Agency.   The  Air 
Force  operates  the  Global  Positioning  System  (GPS)  and  NOAA  was 
one  of  the  first  civil  agencies  to  be  granted  access  to  its 
classified,  very  precise  P-code.   Using  GPS  P-code  for  horizontal 
control  has  permitted  NOAA  to  minimize  its  reliance  on  geodetic 
shore  control  and  expensive,  specially-deployed  medium- frequency 
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radio-positioning  systems.   NOAA  is  now  capable  of  more 
productive,  more  precise,  and  less  expensive  bathymetric  and 
hydrographic  surveys.   The  GPS-P  has  also  increased  NOAA's 
ability  to  reoccupy  ocean  sites.   For  example,  using  precise 
positioning  together  with  remotely-operated  tethered  vehicles, 
NOAA  can  recover  instruments  left  for  months  near  hydrothermal 
vents  or  in  sea-floor  boreholes.   Captain  Lewis  Lapine,  a  NOAA 
officer  who  heads  NOAA's  National  Geodetic  Survey  Division,  is 
chairman  of  the  GPS  Interagency  Advisory  Council.   He  also 
participates  in  an  Office  of  Science  and  Technology  Policy 
Interagency  Working  Group  to  develop  a  Presidential  Policy 
Directive  that  will  set  the  tone  for  acceptance  of  GPS  as  the 
worldwide  positioning  standard. 

POLAR-ORBITING  METEOROLOGICAL  SATELLITE  CONVERGENCE 

NOAA  and  the  Air  Force  are  now  engaged  in  the  long-term 
convergence  of  the  Defense  Meteorological  Satellite  Program 
(DMSP)  and  the  NOAA  Polar-orbiting  Environmental  Satellite 
Program.   Combining  these  two  weather  satellite  programs  into  one 
system  is  expected  to  save  up  to  one  billion  dollars  by  the  year 
2006.   The  combined  system,  to  be  operated  by  NOAA,  is  called  the 
National  Polar-orbiting  Operational  Environmental  Satellite 
System  (NPOESS) .   NPOESS  is  headed  at  NOAA  by  a  newly  retired  Air 
Force  colonel,  James  T.  Mannen,  with  a  NOAA  Corps  captain  as  his 
executive  officer.   NASA  and  the  Navy  are  also  involved  in 
shaping  the  NPOESS  that  will  evolve  from  the  present 
constellation  of  two  NOAA  and  two  DMSP  satellites.   Additionally, 
outside  advice  is  being  sought  on  the  design  for  replacement 
satellites.   The  interests  of  ocean  scientists  will  be  protected. 
New  NPOESS  satellites  will  build  on  NOAA's  present  ocean  remote 
sensing  program  and  will  be  at  least  as  capable  as  present 
satellites  of  measuring  ocean  parameters,  including  sea  ice  cover 
and  icebergs,  cloud  cover,  sea  condition,  wind  velocity,  and  sea 
surface  temperature. 

JOINT-TENANT  COMMAND  AT  MACDILL  AIR  FORCE  BASE 

The  NOAA  Aircraft  Operations  Center,  from  which  NOAA  flies  its 
hurricane  research  and  other  missions,  is  a  joint-tenant  command 
at  MacDill  Air  Force  Base,  near  Tampa,  Florida.   This 
agreement  with  the  Air  Force  realizes  great  cost  savings  for  NOAA 
over  its  previous  facilities  at  the  Miami  International  Airport. 


NOAA  COOPERATION  WITH  THE  INTELLIGENCE  COMMUNITY 

NOAA  scientists  participated  in  the  Environmental  Task  Force 
(ETF)  formed  by  then-Senator  Gore  and  Senator  Nunn.   And  NOAA  has 
continued  working  with  the  follow-ons  to  ETF  -  the  MEDEA  project 
and  the  Government  Applications  Task  Force  (GATE)  .   As  part  of 
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the  MEDEA  project.  Rear  Admiral  Paul  Gaffney,  Commander  of  the 
Naval  Meteorology  and  Oceanography  Command,  supported  a  study 
released  in  June  1995  about  the  scientific  utility  of 
environmental  data  gathered  and  archived  by  the  Navy.   As  a 
result  of  his  and  MEDEA'S  efforts,  many  classified  data  sets  were 
identified  as  useful  to  the  civilian  ocean  community.   Now  these 
data  sets  are  being  reviewed  for  possible  declassification,  and 
some  data  has  already  been  released.   These  data,  and  other  ocean 
data  which  are  to  be  declassified  are,  and  will  be,  available 
through  NOAA's  National  Oceanographic  Data  Center.   For  example, 
beginning  in  March,  1985  the  Navy  carried  out  an  18-month,  $80 
million  project  (the  GEOSAT  Mission)  to  measure  gravity  from 
space  as  a  means  of  improving  the  accuracy  of  submarine -launched 
ballistic  missiles.   It  was  discovered  that  perturbations  in  the 
gravity  field  over  the  oceans  could  reveal  sea-floor  topographic 
features.   (The  gravitational  influence  of  these  masses  also 
produces  variations  in  local  sea  level  that  can  be  measured  by 
satellite-borne  radar  altimeters.)   Following  the  study,  the  Navy 
released  worldwide  GEOSAT  data  and  NOAA  scientists,  working  with 
scientists  from  Scripps  Institution  of  Oceanography,  compiled 
GEOSAT  data  with  data  from  other  sources  to  produce  an  impressive 
12  X  8  foot,  multicolored  map  that  shows  previously  unknown 
geological  features  over  the  71  percent  of  the  earth's  surface 
covered  by  water.   The  map  is  a  major  advance  in  our 
understanding  of  the  oceans,  and  it  may  force  revision  of  plate 
tectonic  theory,  because  plates  making  up  the  earth's  crust  do 
not  appear  to  be  as  rigid  as  previously  thought.   NOAA  scientists 
may  benefit  from  other  data  sets  if  they  are  declassified,  such 
as:  sea  ice  (historical  morphology  and  keel  depths),  salinity  and 
temperature  with  depth  profiles  (real-time  and  archived),  ocean 
optics  and  bioluminescence,  geomagnetics,  and  sea-floor  sediment 
(thickness  and  type) .   These  data  sets  will  be  available  through 
NOAA's  National  Oceanographic  Data  Center  and  National 
Geophysical  Data  Center. 

NOAA  established  an  early  relationship  with  the  intelligence 
community  for  the  use  of  national  technical  means  (NTM)  imagery 
to  assist  in  shoreline  delineation  for  coastal  mapping.   The  use 
of  NTM  imagery  has  expanded  into  other  proper  use  applications 
for  NOAA.   In  order  to  facilitate  NOAA's  access  to  NTM  imagery, 
an  officer  represents  NOAA  on  the  Civil  Applications  Committee 
which  is  the  civilian  interface  with  the  intelligence  community. 

CONCLUSION 

I  thank  you  again  for  this  opportunity  to  relate  how  NOAA  is 
working  in  concert  with  the  national  and  international  ocean 
community  to  increase  knowledge  of  and  benefits  from  the  oceans. 
No  other  agency  has  such  a  broad  responsibility  for  research, 
measurement,  monitoring,  and  the  delivery  of  products  and 
services  related  to  the  oceans  as  does  NOAA.   This  work  has  large 
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costs  and  widely  dispersed  benefits.   But  the  benefits  are  real. 
NOAA' s  work  enhances  future  opportunities  for  U.S.  citizens, 
promotes  a  healthy  U.S.  economy,  protects  our  environment,  and 
fosters  the  sustainable  use  of  our  natural  resources.   What  are 
the  next  steps?   I  believe  that  we  need  action  now,  and  am 
prepared  to  sit  down  with  our  partners  in  government,  Congress, 
private  industry  and  academia  to  set  priorities.   Jack  Botzan 
says  that  we  are  in  the  third  wave  of  oceanography,  and  new 
partnerships  are  the  key.   I  strongly  support  that,  and  want  to 
help  make  it  happen. 

I  mentioned  earlier  that  the  Nation  has  benefited  from  the  vision 
of  the  Stratton  Commission  25  years  ago,  but  that  a  full 
realization  of  that  vision  can  only  come  about  through  a  renewed 
commitment  to  the  development  of  a  coherent  national  ocean 
agenda.   I  also  mentioned  that  ocean  issues  are  more  critical  now 
than  they  were  25  years  ago.   The  critical  resources  of  the  ocean 
are  being  depleted,  and  there  is  much  to  learn  about  the  role  of 
the  oceans  in  regulating  climate. 

Rightfully,  Congress  is  struggling  to  reduce  or  eliminate  the 
federal  budget  deficit  and  not  burden  future  generations  with 
debt.   Yet  I  urge  Congress  to  ensure  that  we  do  not,  in  the 
process  of  correcting  fiscal  woes,  burden  future  generations  with 
other  grave  problems  that  can  only  be  prevented  by  sound 
investments  to  build  the  foundation  for  sustainable  development. 
Knowledge  and  understanding  of  the  oceans  will  be  vital  to  their 
ability  to  solve  problems  they  will  encounter  in  the  21st 
Century.   I  believe  that  Congress,  federal 
agencies,  state  agencies,  academia,  and  non-governmental 
organizations  m.ust  work  together  to  improve  our  vision  of  and 
infrastructure  to  deal  with  ocean  issues.   Beyond  that,  we  must 
work  jointly  to  execute  this  vision  in  furtherance  of  the 
national  defense  and  the  general  welfare  of  our  Nation. 

Thank  you,  Messrs.  Chairmen.   This  concludes  my  testimony.   I 
will  be  pleased  to  answer  any  questions  you  may  have. 
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Mr.  Weldon.  Thank  you,  Dr.  Baker. 

Admiral  Boorda,  I  guess  you  get  the  prize  for  the  witness  coming 
the  longest  distance.  You  flew  in  from  California,  I  understand. 
We  deeply  appreciate  your  commitment  to  be  here. 

STATEMENT  OF  ADMIRAL  JEREMY  M.  BOORDA,  USN  CfflEF  OF 
NAVAL  OPERATIONS,  DEPARTMENT  OF  THE  NAVY 

Admiral  Boorda.  I  did.  I  was  in  San  Diego  and  Orange  County 
last  night,  after  the  State  of  the  Union  address  the  night  before. 

Mr.  Weldon.  Welcome. 

Admiral  BoORDA.  And  I  think — I'm  not  sure.  Is  it  lunchtime  or 
dinnertime? 

It's  one  of  those. 

[Laughter.] 

Mr.  Chairman,  and  chairmen  of  the  other  subcommittees  and 
members,  I'm  happy  to  be  here.  I  have  a  statement  for  the  record. 
It's  rather  detailed.  I'd  like  to  summarize  that. 

Even  my  summary  will  be  detailed  because,  in  the  past  year,  we 
have  reviewed  our  operations,  our  science  and  technolog}^  and  our 
cooperation  with  other  agencies  in  a  very  careful  and  I  think  fo- 
cused way. 

And  so,  we  have  a  direction  that  we  are  headed  in.  I  want  to  try 
to  explain  that  and  see  if  it  meets  with  the  common  sense  test  from 
the  Congress.  And  I  think  we  have  pretty  good  agreement  among 
us  that  we're  headed  off  in  a  good  direction. 

I  think  the  simple  fact  that  you  would  ask  the  Chief  of  the  Navy, 
not  a  technical  expert  in  this  area,  but,  rather,  the  Chief  of  Naval 
Operations,  to  testify,  and  that  we  would  have  this  kind  of  arrange- 
ment, sends  an  awful  strong  signal,  and  I  think  it's  a  good  one. 

Our  Navy,  as  v/e  have  changed  our  strategy  following  the  end  of 
the  Cold  War,  the  demise  of  the  Soviet  Union  and  the  Warsaw  Pact 
have  also  changed  some  of  the  things  we  do  in  the  field  we're  talk- 
ing about  today,  and  I'll  try  to  be  explicit  about  that  in  just  a  mo- 
ment because  it's  important  in  how  we  use  our  resources  and  what 
kind  of  information  we  gather  and  what  is  available  to  the  rest  of 
the  scientific  community. 

Because  I'm  not  a  technical  expert  in  this  field  and  don't  pretend 
to  be,  and  because  they're  vitally  interested  in  the  programs  be- 
cause they  riin  them,  I  brought  the  leaders  of  Naval  Oceanography 
with  me  today. 

The  Chief  of  Naval  Research  is  an  admiral.  Rear  Admiral  Marc 
Pelaez,  and  he  provides  in  our  Navy  the  direction  for  ocean  science 
and  technology  and  development,  about  $150  million  a  year  pro- 
gram, along  with  he  does  S&T  and  all  the  other  areas  as  well,  but 
this  is  a  key  area  of  interest  for  him  and  for  us. 

The  Oceanographer  for  the  Navy,  also  sitting  behind  me  on  my 
left,  is  Rear  Admiral  George  Davis.  He  manages  the  resources  and 
the  policies  for  the  programs  we're  talking  about  today.  He's  the 
Washington  guy  who  gets  the  resources  and  then  allocates  them  or 
completes  the  allocation  within  our  department. 

I  might  add  that  George  will  retire  at  the  end  of  this  month, 
after  more  than  35  years  of  service  to  our  nation,  really  good  serv- 
ice, and  we're  going  to  miss  him.  He  will  be  replaced  by  Rear  Admi- 
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ral  Paul  Tobin,  who  is  very  well  qualified  for  the  job.  But  it's  going 
to  be  a  tough  job  relieving  George  Davis. 

I  wanted  to  get  that  in  the  record  and  I  hope  you  don't  mind. 

Mr.  Weldon.  Without  a  doubt,  we  don't  mind.  We  note  that  for 
the  record  and  we  extend  our  best  wishes  for  the  outstanding,  ex- 
emplary career  that  has  been  provided  for  the  people  of  this  coun- 
try. 

Admiral  BOORDA.  Thank  you,  Mr.  Chairman.  And  then  on  my 
left  is  Commander  of  the  Naval  Meteorology  and  Oceanographer 
Command,  Rear  Admiral  Paul  Gaffhey.  He  is  an  expert  with  a  ca- 
reer in  oceanography. 

He  directs  our  operational  day-to-day  programs.  He  is  a  direct 
interface  with  most  of  the  people  you're  hearing  from. 

Our  program  is  wide-ranging  because  of  our  mission.  It  includes 
traditional  oceanography,  meteorology,  weather  forecasting,  map- 
ping, charting,  geodesy,  astronomy,  and  also  positions  of  stars  and 
precise  timing,  all  those  things  which  we  need  to  carry  out  a  naval 
mission  in  defense. 

We  need  that  information  about  the  world's  oceans,  the  deep 
oceans.  But  we  also  need  it  in  the  littoral  areas  and  in  the  atmos- 
phere above  them  because  this  is  our  operating  environment.  This 
is  where  we  do  our  business. 

A  full  understanding  of  the  maritime  environment  is  absolutely 
necessary  for  the  success  of  any  modern  naval  mission. 

The  high-tech  systems  we  use  in  the  Navy  today  require  sophisti- 
cated and  timely  environmental  information  or  they  won't  work. 
And  we  need  that  information  to  support  go  or  no-go  decisions  by 
operators  such  as  myself  and  for  the  precise  use  of  weapons,  so 
that  the  weapons  go  where  we  want  them  to  go,  hit  the  target,  and 
do  not  cause  collateral  damage. 

I  chair  something  called  the  CNO  Executive  Board.  I'll  call  it  a 
CEB  for  the  rest  of  today— CEB~but  CNO  Executive  Board,  which 
overseas  Navy  policy  and  major  Navy  funding  issues.  In  that 
board,  as  Admiral  Watkins  will  well  remember,  the  CNO  makes  de- 
cisions based  on  the  best  information  he  can  get,  which  then  be- 
come recommendations  within  DOD  to  the  Secretary  of  the  Navy, 
Secretary  of  Defense,  and  eventually,  if  approved,  end  up  here. 

Last  June,  I  convened  such  a  special  CEB,  or  CNO  Executive 
Board,  to  review  our  progress,  potential  and  planning  for  naval 
oceanography.  That  review  reaffirmed  just  how  important  oceanog- 
raphy is  to  naval  operations,  but  it  also  did  some  other  things. 

It  highlighted  how  much  more  difficult  our  job  in  oceanography 
is  now,  now  that  we  are  focusing  on  a  much  more  complex  environ- 
ment, the  littoral  areas  of  the  world. 

Here,  where  the  land  and  the  sea  and  the  seafloor  all  interact, 
changes  in  the  environment  are  created  on  very  much  shorter  time 
scales  than  in  the  deep  ocean  areas. 

Our  job  is  much  more  difficult  now. 

Based  on  that  CEB,  on  that  board,  I  decided  to  do  the  following 
things. 

One,  to  increase  federal,  academic  and  industrial  partnership. 
Not  to  talk  about  increasing  them,  but  to  increase  them. 
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Two,  to  help  start  a  National  Oceanographic  Facilities  Council 
where  we,  the  Navy,  would  play  an  important  role  because  of  our 
resources  and  because  of  the  importance  of  the  data. 

To  maintain  a  Navy  survey  fleet  of  no  less  than  eight  ships.  We 
had  12.  We  were  going  to  be  smaller.  Once  George  Davis  and  I  and 
my  other  advisers  looked  at  the  problem,  we  said  that  in  our  alloca- 
tion of  resources,  eight  was  the  bottom  line,  or  we  wouldn't  do  a 
good  job  and  our  war-fighting  missions  would  then  suffer. 

So  eight  is  the  number  we  settled  upon.  And  we  have  taken  ac- 
tion to  make  that  possible. 

We  said — I  said— that  we  would  develop  new  ways  of  collecting 
and  processing  data  more  quickly.  You  heard  the  witnesses  that 
went  before  me  plead  for  that,  and  we  need  to  do  that,  too,  not  only 
to  share  with  them,  but  for  our  own  purposes  in  defense. 

To  stay  in  the  forefront  of  large-scale  computer  capability.  That's 
important  to  the  Navy  and  to  any  military  for  lots  of  reasons,  but 
particularly  here,  where  we're  dealing  with  a  much  more  complex 
environment  now  as  we  get  closer  to  land  and  need  the  ability  to 
deal  with  that  and  understand  it. 

To  establish  some  real,  not  discuss  them,  but  establish  some  real 
ocean  areas  as  natural  laboratories,  to  test  new  ideas  and  tech- 
nologies in  the  areas  that  we  are  concerned  about. 

So  we  establish  some  test  areas  and  then  try  to  extrapolate  that 
to  other  areas  of  the  world. 

Very  importantly,  I  decided  that  in  my  budget  recommendations 
from  here  on  out,  while  I'm  the  chief,  to  keep  our  ocean  research 
funding  to  at  least  its  current  level,  to  not  succumb  to  the  tempta- 
tion to  salami-slice  it  down  along  with  everything  else. 

And  to  re-establish  Navy-fiinded  research  chairs  at  appropriate 
oceanography  and  academic  institutions  to  improve  our  ties  with 
those  institutions  on  an  everyday  basis. 

My  written  statement  outlines  the  structure  of  our  ocean  re- 
search activities  and  our  operational  oceanography  program.  But 
this  morning,  I'd  like  to  focus  on  only  one  thing  that  came  out  of 
that  CEB,  and  that  is  the  partnerships  because  the  very  people 
that  we  are  forming  these  partnerships  with  are  here  today. 

The  idea  of  partnerships  is  not  new  to  the  Navy  and  it's  not  new 
to  Navy  oceanography.  All  aspects  of  our  oceans  program  involve 
cooperative  efforts.  To  do  otherwise  would  be  to  waste  the  govern- 
ment's money  and  to  miss  opportunities  to  know  about  things  we 
must  know  about. 

The  overwhelming  majority  of  the  environmental  data  we  use  on 
a  daily  basis  to  support  our  operations  comes  from  national  and 
international  civil  organizations.  Most  people  would  think  it  was 
just  the  opposite,  that  we  collected  most  of  the  data  on  our  own. 

That  is  not  the  case. 

In  return,  though,  because  we  do  collect  a  lot  of  data,  over  90 
percent  of  the  Navy-collected  data  is  made  available  to  the  public, 
much  of  it  in  real  time. 

Let  me  say  that  again. 

Most  of  our  information  comes  from  elsewhere  and  almost  all  our 
information  goes  back  in  return.  But  not  all,  and  that  of  course  is 
a  subject  we'll  want  to  talk  about. 
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Tax  dollars  invested  in  naval  oceanography  support  the  public 
through  development  of  new  technologies,  research  ships  and 
submersibles,  important  to  us  because  the  data  is  coming  back  to 
us,  and  through  overseas  nautical  charts,  typhoon  warnings,  ice 
forecasts,  our  weather  and  ocean  databases.  And  we  also  support 
civilian  research  operations  and  environmental  studies. 

Let  me  just  mention  a  few  unique,  very  specific  partnerships  that 
make  the  point  about  what  I'm  talking  about. 

NonNavy  researchers — NonNavy  researchers — are  getting  un- 
precedented access  to  the  Arctic  by  going  under  the  ice  once  a  year 
in  our  operational  submarines.  Scientists  going  to  sea  with  us 
under  the  idea  with  special  configurations  in  the  submarines  to  ac- 
tually do  their  work  in  a  submarine  that  was  built  for  a  very  dif- 
ferent purpose. 

One  short  demonstration  project  using  Navy's  underwater  sur- 
veillance system  for  tracking  whales,  something  we  could  do,  even 
as  we  did  other  jobs  that  those  systems  were  designed  for,  appar- 
ently provided,  at  least  I'm  told  this,  more  information  on  marine 
mammal  movements  than  all  the  previous  data  collected  in  the  his- 
tory of  any  effort  at  all. 

One  short  experiment. 

DOD,  NASA— as  the  Doctor  just  said— DOD,  NASA  and  NOAA 
are  converging  the  military  and  civilian  environmental  satellites — 
I  love  the  way  we  talk.  We're  putting  them  together  under  one 
agency.  I  think  that  means  we're  converging  them. 

[Laughter.] 

I  didn't  learn  any  of  that  at  the  University  of  Rhode  Island,  Mr. 
Kennedy.  I  just  learned  to  say  that  we're  putting  them  together. 

[Laughter.] 

But  we're  putting  them  together  into  one  program  that  will  be 
much  more  cost  efficient  and  will  let  us  share  data  in  a  very  easy 
and  efficient  way. 

The  Oceanographer  of  our  Navy,  George,  and  the  National  Geo- 
graphic Society  take  high  school  students  to  sea,  and  their  teach- 
ers, too,  very  selected  people.  I  just  had  a  delightful  time  with  a 
teacher  and  spent  some  time  providing  information  to  children  in 
something  called  MARCO  POLO,  a  few  weeks  at  sea  in  an  area 
where  they  learn  about  oceanography,  give  that  information  to 
other  schools,  and  they  also  learn  a  little  bit  about  history  and 
their  country  from  people  who  really  know  what  they're  talking 
about. 

I'm  particularly  pleased  with  our  participating  in  the  Environ- 
mental Task  Force,  and  in  MEDEA.  These  scientists  are  dem- 
onstrating unique  research  capabilities  using  Navy  systems  and 
Navy  data  sets  and  we're  working  to  declassify  as  much  environ- 
mental information  as  we  can. 

The  Navy  is  committed  to  an  active  partnership  with  you  and 
with  the  rest  of  the  national  oceans  community  to  ensure  that  we 
remain  a  world  leader  in  the  field  because  we  need  to  do  that  to 
do  our  job. 

In  closing,  I  want  to  assure  you  that  as  much  public  access  to 
our  data  and  our  systems  as  possible  is  our  goal.  But — and  it's  an 
important  "but" — in  some  areas,  such  as  continued  operation  of 
parts  of  the  social  system,  those  parts  no  longer  needed  for  Navy 
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use,  or  costly  adaptation  of  classified  data  sets  for  public  release, 
there  are  unresolved  issues. 

We  aren't  finished  yet.  And  we  need  to  work  those  issues  in  a 
cooperative  way.  That's  the  signal  I'm  trying  to  send  you  by  being 
here  today. 

We  look  forward  to  working  with  the  Congress  and  to  working 
with  the  other  agencies  to  realize  the  full  potential  of  those  oppor- 
tunities. 

That  concludes  my  formal  remarks.  I  obviously  have  much  more 
detail  in  my  statement. 

Thank  you. 

[The  prepared  statement  of  Admiral  Boorda  follows:] 
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Throughout  this  nation's  history,  oceanography  has  been  an 
important  contributor  to  successful  Naval  operations,  and  will  be 
increasingly  important  in  the  future.   By  the  nature  of  its 
mission.  Navy  must  be  a  leader  in  ocean  research  and  programs 
describing  its  operating  environment.   Partnerships  in 
oceanography  between  Navy,  other  Federal  agencies,  academia,  and 
industry  improve  not  only  Navy  capabilities,  but  support  many 
civil  applications  as  well.   This  statement  addresses  the  reasons 
oceanography  is  essential  to  Naval  operations,  why  Navy 
leadership  in  this  area  is  critical,  and  discusses  the  importance 
of  cooperation  in  ocean  activities. 

As  an  island  nation,  protected  from  adversaries  and  linked 
to  partners  by  the  world's  great  oceans,  it  is  fundamental  that 
the  United  States  understand  the  surrounding  marine  environment. 
Similarly,  the  United  States  Navy,  a  global  navy,  must  understand 
the  global  environment  in  which  it  trains  and  operates.   The  need 
to  deal  with  the  maritime  environment  is  one  of  the  fundamental 
factors  that  separates  navies  from  armies  and  air  forces.  To  be 
successful  a  modern  navy  requires  the  very  best  knowledge  of 
oceanography  and  its  related  sciences. 

Naval  oceanography  embraces  research,  technology  and 
operational  programs  not  only  in  traditional  oceanography,  but 
also  in  meteorology,  mapping,  charting  and  geodesy,  astrometry 
(the  positions  of  celestial  bodies),  and  precise  time.   Navy's 
oceanography  program  is  led  by  three  flag  officers.   The  Chief  of 
Naval  Research,  RADM  Marc  Pelaez,  oversees  the  long  term  direction 
for  ocean  science  and  technology  development .   The  Oceanographer 
of  the  Navy,  RADM  George  Davis,  directs  resources  and  policies  for 
the  operational  oceanography  program.   Commander,  Naval 
Meteorology  and  Oceanography  Command,  RADM  Paul  Gaffney,  runs  the 
operational  program  and  provides  all  day-to-day  operational 
support  to  the  fleet. 

The  ocean  and  atmosphere  affect  all  aspects  of  Naval 
warfare.  The  ocean's  density  structure  affects  the  use  of  sonars 
just  as  the  structure  of  the  atmosphere  affects  radar 
performance.   Amphibious,  mine,  and  special  warfare  all  require 
rapid,  accurate  environmental  information  to  support  modern 
contingency  operations.   Modern  military  operations  require 
accurate  positioning,  navigation,  and  time  information.  Today's 
high-tech  weaponry  increasingly  requires  sophisticated 
environmental  inputs  for  "GO/NO-GO"  decisions  and  optimal 
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performance,  and  to  support  the  precision  required  to  hit  the 
target  while  avoiding  collateral  damage  to  non-military 
structures. 

Throughout  much  of  the  last  half  century,  Navy  concentrated 
its  efforts  on  the  open  ocean,  or  "blue  water, "  battlespace  of 
the  Cold  War.   But,  as  reflected  in  Department  of  the  Navy 
landmark  white  papers,  "...  From  the  Sea"  and  "Forward  ...  From  the 
Sea,"  the  era  ushered  in  by  the  end  of  the  Cold  War  requires  a 
new  focus  on  the  more  complex  and  rapidly  changing  littoral 
regions  of  the  world. 

CNO  Executive  Board 

The  Chief  of  Naval  Operations  Executive  Board  (CEB) ,  a  Navy 
leadership  group  which  analyzes  Navy  requirements,  convened  last 
June  to  review  the  status  of  Navy's  Oceanography  program  and  to 
examine  new  requirements  and  directions  for  the  future.   The 
review  by  the  CEB  reaffirmed  the  continuing  --  and  increasing  -- 
importance  of  oceanography  to  naval  operations.   To  emphasize 
this  point,  a  Chief  of  Naval  Operations  policy  statement  was 
issued  that  underscores  the  new  focus  on  Naval  Oceanography: 

"Understanding  the  oceans  is  fundamental  to  our 
national  security  as  well  as  to  global  economic  and 
environmental  well-being.  A  robust  competency  in 
oceanography  is  a  core  requirement  and  responsibility 
of  the  U.S.  Navy,  one  so  vital  to  the  success  ,  of  our 
operations  that  we  must  lead  in  focusing  national 
attention  on  ocean  policy  and  programs." 

The  CEB  also  highlighted  another  important  point.  In 
retrospect  when  we  concentrated  our  efforts  away  from  the 
littorals,  understanding  the  open  oceans  was  relatively  simple 
--  with  operating  areas  that  are  deep,  distant  from  land,  ruled 
by  large-scale,  fairly  simple  physical  processes,  and  comprised 
of  features  that  change  slowly,  over  days  and  weeks.   Decades  of 
high  quality  science  and  technology,  together  with  operational 
experience,  resulted  in  development  of  impressive  proficiency  in 
forecasting  and  adapting  to  the  deep  water  environment.  Navy 
became  a  world  leader  in  the  field. 

Naval  operations  in  the  world's  littoral  areas,  however, 
present  a  host  of  new  challenges:  complicated  terrain  above  and 
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below  the  water;  the  land-sea  interface;  smaller  ocean  and 
atmospheric  features  that  change  more  rapidly  --in  days  to 
hours,  perhaps  even  minutes.   All  these  have  a  greater  effect  on 
sensors,  weapons,  and  operations  than  is  the  case  in  the  deep 
ocean  environm.ent .   The  littoral  environment  requires  new  and 
better  sensors  to  collect  data  faster  --  sometimes  from  denied 
areas.   Additionally,  more  computing  power  is  required  to 
transform  the  data  into  useable  products,  and  more  efficient 
communications  are  needed  to  rapidly  move  the  information  to 
deployed  forces. 

To  address  these  challenges,  the  CEB  endorsed  a  number  of 
objectives.   Navy  will: 

•  Encourage  enhanced  cooperation  among  the  Federal  agencies, 
academia,  industry,  and  international  organizations  in 
oceanography; 

•  Take  the  lead  in  organizing  an  interagency  National 
Oceanographic  Facilities  Council,  to  coordinate  the  best  use  of 
the  nation's  oceanography  assets; 

•  Preserve  a  robust  "at-sea"  research  and  survey  capability, 
including  a  Navy  survey  fleet  of  no  less  than  eight  ships  to 
meet  the  critical  data  requirements  of  the  fleet  commanders; 

•  Exploit  new  technologies  for  the  rapid  collection,  processing, 
and  dissemination  of  weather  and  ocean  data;  Pursue  state-of- 
the-art  large-scale  computer  capabilities; 

•  Establish  deep  water  and  coastal  "natural  laboratories"  where 
military  and  civil,  operational  and  research  communities  can 
cooperate  in  testing  new  theories  and  products; 

•  Maintain  the  proper  balance  for  ocean  research  funding  between 
open  ocean  and  coastal;  and  keep  Navy's  ocean  science  and 
technology  investment  to  at  least  its  current  funding  level; 

•  Establish  and  fund  Navy  research  Chairs  in  Oceanography  at 
ma^or  oceanographic  universities  in  the  country. 


There  are  two  primary  components  within  Naval  Oceanography: 
science  and  technology  management  and  the  operational  oceanography 
program. 

In  ocean  science  and  technology,  Navy  now  represents  about  a 
quarter  of  the  national  investment.  Under  the  Chief  of  Naval 


77 


Research,  the  Office  of  Naval  Research  (ONR)  was  founded  in  1946 
to  continue  the  partnership  between  the  scientific  community  and 
the  Navy  that  demonstrated  great  value  to  the  nation  in  World  War 
II.   This  year  marks  ONR's  50^  anniversary  and  it  was  recently 
reorganized  to  manage  a  fully  integrated  science  and  technology 
program,  including  a  growing  cooperation  with  industry  and  process 
manufacturing  technology.   ONR  manages  the  transition  from  the 
long-range  vision  of  fundamental  scientific  research,  through 
additional  development,  to  testing  the  feasibility  of  applications 
for  Naval  operations.   ONR  balances  Navy  requirements  with 
emerging  opportunities  offered  by  the  scientific  community.   ONR's 
ocean  science  and  technology  activities  provide  a  test  bed  for 
high  risk,  innovative  approaches  that  later  find  their  way  into 
Navy  systems  and  operations  --  and  into  civilian  applications  as 
well . 

ONR  ensures  access  for  Navy  to  the  newest  science  and 
technology  developments  and  future  expertise  for  the  nation. 
Examples  in  the  area  of  oceanography  include  acoustics,  coastal 
oceanography,  remote  sensing,  numerical  prediction,  marine 
meteorology,  and,  most  recently,  ocean  optics. 

Nav>"  s  operational  oceanography  program  provides  critical 
tactical  environmental  information  --  from  the  seafloor  to  the 
upper  atmosphere  --  to  U.S.  military  forces  throughout  the  world, 
'•'.eteorology  and  oceanography  (METOC)  together  describe  and  predict 
the  most  changeable  aspects  of  the  marine  environment.   U.S.  civil 
agencies  concentrate  primarily  on  the  U.S.  and  its  territories, 
but  Nav>'  requires  timely,  accurate  forecasts  worldwide  to  support 
the  full  spectrum  of  Fleet  operations,  wherever  and  whenever  the 
Fleet  operates.   Navy  large-scale  supercomputer  models,  which 
analyze  and  predict  changes  in  both  the  oceans  and  atmosphere  each 
day,  serve  as  the  basis  for  military  global  forecasts  and 
predictions.   On-scene  support  is  delivered  by  forward -deployed 
Navy  oceanographers,  who  tailor  data  and  products  for  local  use. 
Some  of  this  data  is  also  inserted  directly  into  command  and 
control  systems  to  support  automated  "tactical  decision  aids"  for 
planning  and  optimizing  sensor  and  weapons  employment. 

In  the  area  of  mapping,  charting,  and  geodesy,  the  Naval 
oceanography  community  works  closely  with  the  Defense  Mapping 
Agency  (DMA)  .   Na->.^  collects  survey  data  for  the  nautical  charting 
efforts  of  DMA  throughout  the  world,  and  both  work  together  with 
the  National  Oceanic  and  Atmospheric  Administration  (NOAA)  in 
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developing  new  survey  and  charting  technologies.   NOAA  surveys 
U.S.  waters  and  territories  out  to  200  miles,  but  overseas 
hydrographic  surveying  is  Navy's  responsibility.   Navy's  multi- 
mission  survey  fleet  of  eight  ships  also  collects  oceanographic 
and  acoustic  data  to  support  antisubmarine  warfare,  mine  warfare, 
amphibious  and  special  operations.   Unified  and  fleet  commander 
requirements  for  these  types  of  data  far  exceed  the  resources 
available  to  meet  them,  so  survey  vessels  must  be  scheduled  based 
on  the  highest  priorities.   With  the  end  of  the  Cold  War,  Navy's 
survey  ships  are  gaining  unprecedented  access  to  previously  denied 
coastal  regions.   Navy  data  collection  is  augmented  through 
international  agreements  with  foreign  navies  whereby  the  U.S.  Navy 
provides  selected  expertise  and  equipment,  while  much  of  the  data 
is  collected  by  foreign  ships  and  personnel.   In  this  area  too. 
Navy's  oceanographers  are  negotiating  with  m.any  nations  with  which 
formal  cooperation  would  not  have  been  possible  just  a  few  years 
ago. 

Navy's  operational  oceanography  program  also  includes 
astrometry  --  the  positions  of  celestial  bodies  --  and  precise 
time.   These  disciplines  are  crucial  to  support  precise 
navigation,  satellite  operations,  surveillance,  reconnaissance, 
missile  targeting,  and  secure  global  communications.  Increased 
reliance  on  advanced  technology  has  created  a  defense  requirement 
for  precise  time  measured  to  one-billionth  of  a  second!  Since 
military  requirements  for  time  accuracy  are  the  most  demanding, 
the  U.S.  Naval  Observatory  in  Washington  DC  maintains  the  nation's 
Master  Clock  and  disseminates  its  time  signal  to  all  users. 

The  operational  Naval  oceanography  program  includes  a  total 
military,  civilian,  and  reserve  force  of  about  3000  people  and 
costs  less  than  one-half  of  one  percent  of  the  Navy's  total 
budget.   This  investment  yields  major  payoffs  by  minimizing  risk 
to  Navy  personnel  in  ships  and  aircraft,  reducing  platform  and 
equipment  damage,  and  delivering  weapons  accurately  on  target.   It 
provides  a  high-tech  edge  to  U.S.  forces  to  help  them  operate 
faster,  more  safely,  and  more  effectively. 

Clearly,  Navy's  operational  program  requires  the  strong 
support  of  basic  and  applied  research.   With  the  operational  shift 
in  focus  to  the  complex  littoral  zones,  the  research  and 
operational  components  of  Navy's  oceanography  effort  are  working 
even  more  closely  together  to  foster  development  of  new  and 


improved  sensors  and  to  quickly  transition  technological  advances 
from  research  to  the  operations. 

Navy  Ocean  Partnerships 

The  idea  of  partnerships  is  certainly  not  new  to  Navy.   The 
Navy  ocean  program  relies  heavily  on  advances  in  basic  research 
from  academia;  other  agencies  provide  backup  operational  support; 
and  Navy  obtains  vast  quantities  of  global  data  from  national  and 
international  civil  oceanography  sources.   In  fact,  the 
overwhelming  majority  of  the  METOC  data  used  on  a  day-to-day 
basis  to  support  Navy  operations  is  not  collected  by  Navy. 

On  the  other  hand,  Navy  is  a  major  provider  of  oceanographic 
information  and  expertise,  as  well  as  a  user.   Navy  makes  over  90 
percent  of  its  environmental  data  and  products  available  to  the 
public,  either  in  real-time  or  through  later  declassification, 
and  these  support  a  wide  range  of  civil  applications.   Tax 
dollars  invested  in  Naval  oceanography  support  the  public  -- 
either  directly  or  indirectly  --  through  development  of  new 
materials  and  technologies,  deep  sea  research,  satellite  remote 
sensing,  the  development  of  undersea  vehicles,  overseas  nautical 
charts,  typhoon  warnings,  oceanographic  and  meteorological  data 
bases,  ice  forecasts  and  other  prediction  models,  precise  time, 
and  data  that  support  environmental  quality  studies.   Navy  also 
builds  ocean  research  vessels  for  universities  to  operate.   The 
last  ship  in  a  recent  upgrade  of  the  university  fleet,  the 
research  vessel  ATLANTIS  (AGOR  25) ,  will  be  launched  next  week  in 
Pascagoula,  Mississippi  and  turned  over  to  the  Woods  Hole 
Oceanographic  Institution  for  operation. 

Many  important  partnerships  are  already  in  place,  and  there 
are  some  real  success  stories. 

A  basic  and  applied  research  experiment  conducted  in  1995  at 
the  Army  Corps  of  Engineers  Facility  in  Duck,  North  Carolina, 
highlights  the  importance  of  dual-use  partnerships  in  coastal 
ocean  research.   ONR,  through  a  partnership  with  the  Army  Corps 
of  Engineers,  the  National  Science  Foundation,  U.S.  Geological 
Survey,  and  a  number  of  other  agencies,  initiated  a  project  to 
better  characterize  the  coastal  environment  using  a  variety  of 
in-place  and  remote  sensing  devices.  Results  of  this  experiment, 
now  emerging  in  scientific  journals,  will  provide  a  basis  for 
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improved  techniques  in  amphibious  operations  as  well  as  civilian 
coastal  engineering  concerns  and  resource  management. 

Crucial  to  Navy's  success  in  coastal  regions  is  development 
of  higher  resolution  remote  sensing  techniques  as  well  as 
autonomous  systems  with  increased  on-scene  information  processing 
capabilities.   ONR  is  initiating  a  program  to  understand  the 
content  and  utility  of  a  "weather  signal  tap"  from  the  AEGIS 
SPY- ID  radar  system.   As  this  technology  matures,  the  AEGIS 
system  could  be  configured  to  accept  or  reject  environmental  data 
internally,  reducing  clutter  and  false  targets  in  real-time. 
Such  techniques,  once  developed,  could  be  used  to  provide 
improved  support  to  both  military  and  civilian  applications, 
especially  aviation. 

Another  science  and  technology  partnership  is  the  concept 
for  a  network  of  inexpensive  undersea  vehicles  and  components 
linked  by  acoustic  modems.   Initially  driven  by  the  need  for 
cost-effective  measurements  under  the  Arctic  ice,  this  may  prove 
to  be  a  very  efficient  means  to  survey  the  world  oceans  for  a 
variety  of  uses.   As  a  result  of  this  emerging  technology  the 
ocean  community,  at  large,  will  benefit  from  vast  improvements  in 
ocean  observations.   Potential  military  applications  for  this 
sam.e  technology  range  from  mine  warfare  to  antisubmarine 
operations.   Much  of  this  work  --as  well  as  many  of  Navy's  past 
acco-plishments  in  deep  submergence  --  are  subjects  of  a  pending 
report  of  the  National  Research  Council's  Marine  Board  on 
"Undersea  Vehicles  and  National  Needs." 

The  important  role  played  by  the  Arctic  Ocean  in  global 
climate,  and  international  concern  for  pollution  in  the  region, 
have  fueled  greater  interest  in  Arctic  research  by  civilian 
oceanographers .   Navy's  submarine  community  now  works  with  ONR 
and  t-he  National  Science  Foundation  to  host  an  annual  Submarine 
Arctic  Science  Cruise,  called  "SCICEX, "  for  researchers  aboard 
operational  submarines  under  the  Arctic  ice.   This  program  gives 
unprecedented  access  to  Arctic  oceanography  for  all  scientists 
while  providing  Navy  with  an  additional  mission  to  maintain 
proficiency  in  under  ice  operations. 

Another  exciting  example  of  dual-use  possibilities  involving 
a  Navy  operational  system  is  the  Integrated  Undersea  Surveillance 
System  (lUSS) .   Developed  during  the  Cold  War  to  counter  the 
threat  posed  by  the  Soviet  submarine  fleet,  the  system  is 
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primarily  comprised  of  a  set  of  acoustic  arrays  on  the  seafloor 
known  as  the  SOSUS  system.   Initial  investigations  of  civil 
applications,  coordinated  closely  with  NOAA,  proved  remarkably 
fruitful.   A  short  demonstration  project  provided  more 
information  on  marine  mammal  movements  than  all  the  previous  data 
collected  in  history.   SOSUS  also  proved  to  be  the  most  effective 
monitoring  system  for  underwater  seismic  events,  indicating  the 
possibility  of  better  earthquake  and  tsunami  (or  "tidal  wave") 
predictions.   NOAA  even  demonstrated  the  SOSUS  system  could  aid 
in  fisheries  enforcement  by  detecting  illegal  deployments  of 
fishing  nets.   Researchers  propose  to  use  the  system  for  acoustic 
monitoring  of  the  ocean  itself,  since  sound  travels  at  different 
speeds  through  water  depending  on  density  and  temperature.   To 
assist  the  scientific  community  with  their  research  activities, 
Navy  has  established  procedures  both  for  allowing  cleared 
scientists  access  to  some  parts  of  the  SOSUS  system  and  to  the 
original  acoustic  data  from  SOSUS.   Mechanisms  are  also  in  place 
to  review  and  tailor  the  data  for  public  release. 

Navy's  closest  Federal  partner  in  operational  meteorology 
and  oceanography  has  long  been  NOAA.   Navy  and  NOAA  have  more 
than  a  dozen  formal  agreements  that  govern  cooperation  in  a  wide 
range  of  technology  development,  modeling  research,  data 
processing,  and  product  exchange  activities. 

For  example,  Navy's  Fleet  Numerical  Meteorology  and 
Oceanography  Center  is  directly  linked  to  NOAA's  National  Weather 
Service  for  routine  exchange  of  weather  and  ocean  forecast 
products.  Not  only  do  NOAA  and  Navy  share  information  to  improve 
a  variety  of  dual -use  products  on  a  daily  basis,  but  they  provide 
a  mutual  backup  capability  should  a  catastrophe  render  either 
center's  supercomputer  or  communications  systems  inoperative. 
This  keeps  the  nation's  public  and  commerce  moving  safely  and 
efficiently  while  ensuring  the  military  gets  the  information 
needed  to  exploit  the  environment.   Navy  also  has  an 
oceanographic  data  distribution  system  that  provides  digital 
METOC  products  to  remotely  operating  military  units.   Through  an 
agreement  •A'ith  NOAA,  most  of  the  products  are  transferred  in 
real-time  for  dissemination  to  civil  users.   The  public  gets 
information  with  many  commercial  and  research  uses. 

The  national  data  centers,  operated  by  NOAA,  are  relied  upon 
to  archive  Navy  data  and  disseminate  it  to  the  civil  community. 
In  addition  to  serving  the  needs  of  the  general  public,  these 
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centers  provide  Navy  with  historical  data  critical  for  air  and 
ocean  modeling  in  tactical  METOC  systems.   Through  this 
partnership  easy  access  to  important  data  is  gained  from  around 
the  world  that  might  not  otherwise  be  readily  available.   Navy 
strongly  supports  continuation  of  the  government -run  national 
data  centers. 


In  the  area  of  remote  sensing.  Navy,  Air  Force,  and  NOAA 
have  long  shared  the  task  of  collecting  and  processing  vast 
quantities  of  atmospheric  and  oceanic  data  from  civilian  and 
military  satellites.   Few  civilian  oceanographers  realize  that 
the  sea  surface  temperature  fields  used  routinely  in  their 
research  have  been  processed  at  the  Naval  Oceanographic  Office. 
DOD,  NOAA,  and  NASA  are  now  converging  the  civil  and  military 
satellite  programs  into  a  single  system  that  satisfies  their 
different  requirements  and  v;ill  be  considerably  less  costly  to 
the  taxpayer. 

The  National  Ice  Center,  located  in  the  Washington  area,  is 
another  good  example  of  military/civil  partnerships.   Operated 
cooperatively  for  nearly  20  years  by   Navy  and  NOAA,  with  Coast 
Guard  joining  last  year,  the  Center  provides  ocean  and  Great 
Lakes  ice  analyses  and  forecasts  for  Navy  and  civil  users  around 
Che  world. 

A  unique  collaboration  between  Navy  and  the  national 
Geographic  Society  is  the  "MARCO  POLO"  educational  program.   Each 
year  selected  students  and  teachers  board  Navy  survey  ships  for 
about  two  weeks  to  learn  the  basics  of  at -sea  navigation  and 
ocean  data  collection,  as  well  as  study  the  history  and  geography 
of  the  areas  they  visit. 

Public  access  to  Navy  information  has  been  an  active  and 
important  issue  in  the  Naval  oceanography  community  over  the  past 
decade.   In  response  to  enormous  changes  in  the  world's 
political/military  situation,  major  changes  have  been  made  in 
classification,  foreign  disclosure,  and  export  control  policies. 
In  partnership  with  the  Congress,  Navy  participated  in  then- 
Senator  Gore's  working  group  that  reviewed  the  usefulness  to 
global  modeling  research  of  the  Arctic  under  ice  data  collected 
by  Navy  submarines,  and  the  feasibility  of  declassifying  it.   As 
a  result  Navy  was  able  to  make  much  of  the  data  available  to 
researchers . 
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In  a  follow-on  bipartisan  initiative,  Senator  Gore  and 
Director  of  Central  Intelligence  Gates  established  an 
Environmental  Task  Force  (ETF)  of  academic  scientists  to  be 
cleared  for  access  to  very  highly  classified  information,  and  to 
review  intelligence  and  defense  databases  and  systems  to 
determine  their  potential  usefulness  for  addressing  serious 
global  environmental  problems.   The  Central  Intelligence  Agency 
and  Defense  Department  agreed  to  the  plan,  and  the 
Oceanographer ' s  staff  has  taken  the  lead  for  Navy  in  responding 
to  ETF  requests.   Some  important  decisions  have  been  made.   Last 
July  Navy  completely  declassified  all  Navy  altimetry  (or  ocean 
height)  data  collected  from  the  GEOSAT  satellite.   The  research 
community  has  already  used  this  comprehensive  data  set  to  produce 
some  startling  improvements  to  the  nation's  knowledge  of  global 
ocean  and  seafloor  features  and  the  earth's  gravity  field.   Navy 
positions  on  all  ETF  data  declassification  and  access  requests 
soon  will  be  submitted  through  Department  of  Defense  to  the  Vice 
President . 

A  follow-on  effort  to  the  Environmental  Task  Force  is  called 
MEDEA.   This  group  of  academic  scientists  with  security 
clearances  has  reviewed  and  reported  on  additional  issues  of  data 
release  and  access,  including  a  comprehensive  look  at  the  full 
range  of  the  Navy's  oceanographic  data  sets.   Ocean  research  uses 
cf  data  from  the  nation's  highly  classified  overhead  imagery 
assets  are  also  a  part  of  this  effort. 

Naval  oceanographers  in  both  the  research  and  operational 
communities  also  participate  in  many  interagency  ocean  policy 
activities,  as  well  as  working  with  academic  groups,  such  as 
KEDEA,  the  National  Academy  of  Sciences,  and  Admiral  Watkin's 
Consortium,  for  Oceanographic  Research  and  Education  (CORE) .   The 
Commander  of  the  Naval  Meteorology  and  Oceanography  Command,  in 
his  testimony,  will  present  some  new  ideas  for  expanding 
oceanography  partnerships  that  have  come  out  of  cooperation  with 
these  groups. 

Conclusion 

The  number  of  Committees  involved  in  this  hearing  reflects 
the  importance  the  House  of  Representatives  places  on 
oceanography.   Navy  will  provide  any  assistance  the  committees  may 
require  to  facilitate  their  efforts  in  this  area.   Navy  is 
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committed  to  an  active  partnership  with  Congress,  and  other 
members  of  the  national  ocean  community,  to  build  coherent, 
forward -reaching  ocean  policies  and  programs  for  the  future  that 
will  preserve  the  United  States  as  a  world  leader  in  the  field. 

In  some  cases  where  Navy  assets  can  be  of  specific  use  for 
civilian  application  --  such  as  continued  operation  of  some  parts 
of  the  SOSUS  system  no  longer  needed  for  Nav>'  use,  or  costly 
adaptation  of  classified  data  sets  for  public  release  --  there  are 
unresolved  funding  issues.   Navy  supports  as  much  public  access  to 
Navy  data  and  systems  as  is  feasible,  and  looks  forward  to  working 
with  Congress  in  addressing  the  policy,  organization,  and  funding 
issues  necessary  to  realize  these  opportunities. 
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Mr.  Weldon.  Thank  you,  Admiral  Boorda,  for  your  statement. 
Admiral  Gaffiiey? 

STATEMENT  OF  REAR  ADMIRAL  PAUL  G.  GAFFNEY,  II,  USN 
COMMANDER,  NAVAL  METEOROLOGICAL  AND  OCEANO- 
GRAPHIC  COMMAND,  STENNIS  SPACE  CENTER,  MISSISSIPPI 

Admiral  Gaffney.  Distinguished  chairmen  and  members,  good 
morning. 

It  is  an  honor  to  appear  before  you,  to  join  the  distinguished 
panel  you  have  assembled,  and  to  know  that  the  future  of  the  na- 
tional oceanographic  capability  has  such  strong  interest. 

I  too  have  prepared  a  testimony  which  I  have  submitted  for  the 
record,  and  if  you  agree,  I  propose  to  take  just  a  few  minutes  to 
punctuate  a  few  of  its  points. 

First,  so  you  know  who  I  am,  I  am  charged  with  execution  of  the 
operational  half  of  the  Navy's  Oceanography  Program.  My  job  is  to 
continually,  and  in  real  time,  characterize  and  predict  the  maritime 
battlespace. 

We  collect  data  globally.  We  process  it  into  useful  information 
and  distribute  it  in  many  forms  to  Navy  and  other  operating  forces. 

Our  effort  is  global  and  our  people  are  all  over  the  world  today, 
almost  any  place  you  can  imagine.  But  my  headquarters,  happily, 
is  on  the  gulf  coast  of  Mississippi,  just  two  miles  from  the  Louisi- 
ana border  and  I'm  smack  dab  in  the  middle  of  Congressman  Gene 
Taylor's  district,  and  I'm  really  pleased  that  he's  here  today  to  sup- 
port us. 

You  have  heard,  or  you  will  hear,  a  great  deal  about  ocean  re- 
search and  development  today.  I  don't  conduct  or  manage  any.  But 
I  use  more  of  its  successes  than  probably  anyone  else  you'll  hear 
from.  So  I  am  probably  the  strongest  proponent  of  Nav>'^-  and  other 
agency-sponsored  ocean  science  than  anyone  you  have  met. 

I  exist  not  because  the  Navy  has  a  keen  interest  in  oceanography 
for  oceanography's  sake.  Or  because  we  have  a  federal  charter  in 
oceanography.  I  exist,  rather,  because  the  Navy  has  made  the  deci- 
sion that  it  requires  comprehensive  oceanographic  information  to 
be  able  to  operate  safely  and  effectively  wherever  it  needs  to  on 
this  planet. 

That  Navy  decision,  reaffirmed  each  budget  cycle,  has  accumu- 
lated for  us,  and  for  the  nation,  a  substantial  capability. 

Over  the  past  year  and  a  half  or  so,  I  have  taken  a  strong  posi- 
tion on  partnership  opportunities  and  their  value  for  three  inter- 
related reasons. 

The  first,  we  in  the  Navy  face  complex  technical  challenges  each 
day.  Today,  that  challenge  is  to  quickly  gain  skill  in  characterizing 
the  littoral  environment,  without  losing  the  deep  ocean  capabilities 
that  took  us  50  years  to  accomplish. 

We  need  new  ideas  as  we  shift  from  scales  of  hundreds  of  miles 
and  days  to  scales  of  tens  of  meters  and  minutes.  Partnering  with 
scientists  from  industry,  academia  and  other  agencies  who  have  re- 
lated challenges,  but  may  look  at  them  from  other  viewpoints,  will 
help  me  address  the  micro-scale  oceanography  that  affects  naval 
expeditionary  warfare. 

In  a  sense,  partnering  helps  me  ensure  that  naval  oceanography 
has  peripheral  vision. 


86 

Second,  I  personally  believe  that  the  Navy  has  an  obligation  to 
the  general  well-being  of  this  maritime  nation,  to  make  its  substan- 
tial oceanography  capability  available  to  pursue  other  national 
goals  when  it  is  affordable  and  does  not  unduly  risk  national  de- 
fense. 

And  finally,  we  do  exciting  things.  We  have  unique  tools,  talents, 
and  resources  in  the  Navy.  And  we  face  oceanography's  most  inter- 
esting challenges. 

I  believe  that  if  we  interest  young  researchers  and  even  students 
in  our  operational  problems,  we  will  ensure  that  there's  a  cadre  of 
technical  talent  on  whom  the  Navy  can  call  for  decades.  Partnering 
can  surely  contribute  to  that  goal. 

You  have  heard  reference  to  MEDEA  today  and  your  committees 
have  copies  of  MEDEA's  recent  ocean  panel  report.  For  review, 
MEDEA  is  a  collection  of  the  nation's  very  best  scientists  prin- 
cipally from  industry  and  academia,  all  cleared  to  the  highest  secu- 
rity levels. 

I  asked  MEDEA  to  review  my  data  holdings  and  processes,  first 
and  foremost,  for  quality.  And  secondly,  for  the  potential  utility  it 
might  have  in  meeting  nondefense  goals.  And  I  wanted  their  ideas 
on  how  to  strengthen  the  historic  bond  between  Navy  oceanog- 
raphers  and  their  civil  counterparts. 

MEDEA  delivered  in  all  three  areas.  Our  capabilities  as  judged 
by  them  are  world-leading.  Several  data  sets  were  highlighted  for 
potential  release  in  whole  or  in  part  and  they  articulated  several 
partnering  notions  to  link  operational  Navy  oceanographers  and 
civil  researchers. 

They  included  natural  laboratories  in  the  United  States  littoral 
waters,  electronic  data  access  directly  into  the  Navy,  Navy  archival 
of  national  technical  means  imagery  of  the  oceans,  use  of  at-sea  as- 
sets better,  and  people-to-  people  exchanges. 

MEDEA  also  helped  the  Navy  spur  on  its  efforts  at  unclassified 
oceanographic  cooperation  with  the  Russian  navy  recently. 

Continuation  of  the  substantive  involvement  of  the  CIA-spon- 
sored MEDEA  ocean  panel  will  ensure  enlightened  and  under- 
standing dialogue  on  declassification,  while  providing  increased  pe- 
ripheral vision  within  the  classified  parts  of  my  program. 

Timing  is  everything.  Just  as  the  bipartisan-spawned  MEDEA- 
ETF  initiative  was  blossoming.  Admiral  Watkins  at  CORE  began 
a  grassroots  partnering  effort  with  industry  and  academia,  and  he 
took  time  early  in  that  effort  to  include  operational  oceanographers 
in  his  visionary  plan. 

And  the  Chief  of  Naval  Operations  reviewed  naval  oceanography, 
as  he  just  told  you,  declared  it  a  core  capability  and  core  respon- 
sibility of  the  Navy,  and  he  charged  us  to  assume  a  role  of  national 
leadership  in  oceanography. 

And  now,  your  three  committees  have  made  a  commitment  un- 
precedented for  decades,  more  than  25  years,  to  bring  this  national 
capability  together. 

Let  me  conclude  by  saying,  from  Navy  Oceanography's  viewpoint, 
there  are  many  opportunities.  We  are  talking  like  partners  today 
more  than  ever.  And  we  have  a  Navy  leader  in  the  CNO — we  call 
him  the  Chief  of  Naval  Oceanography,  Admiral  Boorda — who  has 
embraced  oceanography  partnering. 
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Predictably,  there  are  some  small  fiscal  challenges  and  some  new 
security  challenges.  And,  obviously,  not  every  opportunity  that  we 
can  come  up  with  to  leverage  will  be  realized. 

But,  thanks  to  your  great  support,  many,  many  will. 

Thank  you,  Mr.  Chairman. 

[The  prepared  statement  of  Admiral  Gafftiey  follows:] 
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Navy  Focus    --  National   Impact 

Good  Morning  Chairmen,    I    am  Rear  Admiral   Paul   G. 
Gaffney,    II,    USN,    Commander  of   the  Naval  Meteorology 
and  Oceanography  Command,    with   headquarters   located  at 
the   Stennis   Space   Center,    MS.      Thank  you   for   the 
opportunity  to   testify   for   the   Navy  on  this   important 
concept  of   Federal-National   collaboration   in 
Oceanography. 

-_         As   an   island  Nation,    protected   from  aggressors   and 
linked   to  partners   by   the   world's   great  oceans,    it   is 
fundamental   that  we   understand   the  marine   environment 
around  us.      It    is   equally   fundamental   that   a  Navy, 
especially  a   global   Navy,    understand   the  medium   in 
which   it  must   train   and  operate.      In   fact,    the  maritime 
environment   is   the   root   discriminator   that   separates 
navies    from  armies   and  air    forces.      It   follows   then 
that   navies   require,    as   a  matter   leading  to   successful 
mission   execution,    the   very  best    knowledge  of 
oceanography  and   its   allied   sciences.  ' 
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Several  agencies  have  been  assigned  duties  which 
include  furthering  oceanic  knowledge  for  the  national 
good;  each  has  important  competencies.   But,  no  agency 
requires  oceanographic  information  to  carry  out  its 
basic  mission  more  than  the  United  States  Navy.   That 
statement  is  not  r.eant  to  lessen  the  importance  of  the 
other  agencies,  the  high  regard  we  hold  for  them  or  our 
dependence  on  the.'s.   It  is  meant  to  punctuate  the  basic 
and  undeniable  need  the  Navy  has  to  understand  the 
ocean  to  ensure  its  national  defense  operations  are 
executed  safely  and  effectively.   So  when  the  Chief  of 
Naval  Operations  tells  us  he  wants  the  Navy  to  be  a 
National  leader  in  oceanography  and  that  oceanography 
is  a  core  requirement  and  responsibility  of  the  Navy, 
it's  not  because  he  wants  another  rission  or  because  he 
finds  oceanography  interesting,  it  is  because  we  must 
have  a  top  rate  global  oceanographic  program  focused  on 
supporting  Navy  missions. 

For  decades  the  Navy  has  recognized  that  in 
developing  that  kind  of  capability,  it  has  also 
accumulated  talent,  tools,  information,  and  resources 
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that  can  help  contribute  to  other  National  ocean  goals. 
Senior  Navy  leaders  have  understood  their 
responsibility  to  apply  such  capabilities  to  other 
National  goals  when  it  does  not  risk,  but  rather, 
enhances,  national  defense. 

Others  have  recognized  Navy  oceanography 
capability  too,  and  the  two-way.  value  of  Navy-civil 
partnerships  in  oceanography.   A  group  of  enlightened 
ocean  scientists  from  industry,  academia  and  Government 
came  together  in  1994,  under  the  name  MEDEA,  to  explore 
mutual  oceanographic  leveraging.   Many  of  the  concepts 
developed  later  in  this  testimony  were  first  discussed 
with  MEDEA  and  others,  like  their  allies  at  the 
Consortium  on  Oceanographic  Research  and  Education 
(CORE) .   The  initiative  of  your  committees  is 
particularly  opportune  because  you  can  take  advantage 
of  their  momentum  to  achieve  your  goal  of  greater 
cooperation  in  an  area  critical  to  this  maritime 
nation. 
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By  way  of  introduction  let  me  explain  that  the 
Navy's  cor.prehensive  oceanography  program  has  two 
principal  components  of  interest  to  this  hearing: 
Ocean  Science  and  Technology  and  Operational 
Oceanography. 

My  command,  under  the  Chief  of  Naval  Operations, 
is  charged  with  the  operational  execution  of  Naval 
Oceanography.   It  is  the  world's  preeminent 
organization  for  the  global  collection,  assimilation 
and  archiving  of  ocean  data;  analyses  of  these  data  and 
subsequent  modeling  and  prediction  of  oceanographic, 
meteorological,  bathymetric,  acoustic  and  other 
geophysical  phenomena;  the  generation  of  information 
useful  to  Navy  and  Marine  Corps  forces  and  other  DoD 
Services  operating  from  or  near  the  sea;  and  the 
delivery  of  relevant  maritime  environmental  information 
to  and  provision  of  face-to-face  operational  advice  to 
Naval  and  other  DoD  forces. 

A  few  metrics:   we  operate  a  fleet  of  ocean  survey 
vessels  permanently  deployed  overseas.  Today,  we  are 
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nearing  completion  of  a  recapitalization  effort  that 
will  deploy  eight  vessels  by  the  end  of  the  next  fiscal 
year;  most  are  new  construction.   We  operate  two  world- 
class  supercomputer  centers  which  manage  and  model 
ocean  and  atmospheric  information  for  the  Navy  and  DoD. 
And,  most  importantly  we  maintain  a  cadre  of 
approximately  3000  military  and  civilian 
oceanographers,  meteorologists  and  technicians  around 
the  world  supporting  the  operations  of  the  Navy  and 
Marine  Corps  and  Joint  forces  in  many  arenas.   At  once 
we  maintain  critical  capabilities  in  operational 
centers  and  we  are  collocated  with  warfighting  forces 
at  sea  and  forward  ashore.   By  any  set  of  metrics,  the 
Navy  has  developed  a  leading  capability. 

Our  efforts  are  comprehensive  and  include: 

1)  conduct  of  ocean  survey  on  a  global  basis 
using  ships,  aircraft,  satellites,  ROVs,  buoys  and  a 
worldwide  set  of  international  agreements; 

2)  global  numerical  weather  and  oceanographic 
analysis,  modeling  and  prediction; 
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3)  first  rate  management  of  extensive  and 
high  quality  data  bases  on  the  maritime  environment 
(ocean,  air,  ice,  and  ocean  bottom) ;  and 

4)  operation  of  state-of-the-art,  high 
performance  computational  devices  to  manage  such  vast 
quantities  of  data  and  produce  useful  information 
therefrom. 

While  not  as  comprehensive  as  we  would  like  it  to 
be.  Naval  Oceanography  presents  a  substantive 
capability  that  comes  from  decades  of  steady  modest 
Navy  (and  DoD)  investment.   Like  every  other  part  of 
the  Navy,  we  do  and  we  will  aggressively  pursue  the 
resources  necessary  to  accomplish  our  mission.   We  seek 
to  retain  our  talent  base  (both  military  and  civilian), 
modernize  our  survey  capability,  capitalize  on 
international  partnerships,  and  keep  up  with  the 
explosive  developments  in  computation  and 
communications/networking.  We  are  not  specifically 
funded  to  help  other,  non-Defense  agencies  complete 
their  ocean-related  functions.  Yet,  we  understand  that 
we  own  and  operate  certain  capabilities  that  can  help 
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others  —  and  we  look  for  opportunities  to  make  them 
available  when  it  does  not  interfere  with  our  primary 
mission  or  adversely  impact  our  financial  or  security 
position.   Likewise,  we  will  embrace  proposals  from 
other  entities  who  wish  to  leverage  their  investments 
by  partnering  with  us. 

There  is  little  doubt  that  the  Navy's  cumulative 
investment  in  oceanography  provides  for  a  strong 
position  in  the  National  oceanographic  leadership. 
Yet,  I  am  not  satisfied  that  we  have  done  as  much  as  we 
can  to  support  the  oceanographic  needs  of  our  Naval  and 
DoD  forces  --  my  first  priority.   Two  areas  are  worthy 
of  mention  as  examples: 

o  We  need  greater  understanding  of  the  ocean's 
fundamental  processes.   For  decades  we  focused  on 
understanding,  describing  and  predicting  the  few, 
rather  large  and  conservative  features  of  the  deep 
ocean  that  affected  acoustic  transmission  and, 
therefore,  submarine  detection.   Today,  we  must  still 
concern  ourselves  with  that  problem  and  ensure  our  deep 
water  skill  is  not  lost.  But,  we  now  face  additional 
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and  more  complex  challenges  in  trying  to  understand  the 
critical  processes  in  the  littoral  ocean  environn\ent. 
The  littoral  varies  on  the  scales  of  meters  and 
minutes.   We  have  all  seen  the  broad  expanse  of  warfare 
that  can  occur  in  the  littoral  zone:   ASW,  amphibious 
operations,  special  operations,  mine  warfare,  and,  of 
course,  safe  navigation  in  shallow  waters.  So,  it  is 
vital  that  we  are  able  to  characterize  and  predict  the 
environment  there  and  its  effect  on  each  warfare 
operation  and  system.   R&D  investment  in  the  shallow 
and  coastal  waters  of  the  littoral,  in  the  past 
relegated  to  a  lower-tier  priority,  is  critical  today. 

o  We  always  need  data,  all  kinds  of  oceanographic 
data  from  ocean  depths,  to  temperature,  to  currents,  to 
information  about  marine  life,  to  local  air-sea 
interaction  phenomena.   Navy  has  a  great  wealth  of 
information  in  its  classified  and  unclassified 
holdings.  Using  deliberate  review  methods  we  are  trying 
to  increase  civil  access  to  our  data.  Partnering  with 
our  civil  counterparts  is  a  two-way  street,  though. 
Just  as  the  civil  scientist  covets  access  to  Navy's 
vast  data  holdings,  the  Navy  seeks  continual  and  rapid 
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access  to  the  sets  of  quality  data  collected  by  all 
American  scientists. 

•  The  Office  of  Naval  Research  (CNR)  and  its  renown 
corporate  lab,  the  Naval  Research  Laboratory  (NRL) , 
execute  the  other  important  part  of  the  Navy's  program: 
the  Navy  Ocean  Science  and  Technology  Program.     It's 
history  is  rich  in  accomplishment,  and  its  demonstrated 
willingness  to  work  with  other  agencies  to  gain  basic  . 
knowledge  is  a  model.    Oceanography  is  among  the  most  r 
naval-relevant  of  all  fields  of  research.   It  only 
stands  to  reason  that  it  has  been  designated  a  core 
competency  by  the  Chief  of  Naval  Research.   It  is  ONR's 
famous  ability  to  find  and  invest  ir.  the  best  research 
(in  and  out  of  Government)  that  ma<es  it  so  important.  ■ 
ONR's  insistence  on  quality  and  on  understanding  the 
basic  processes  of  the  ocean  give  r.e  the  knowledge  to 
decide  which  data  to  collect,  how  to  collect  and    •.  ,1 
process  it,  and  the  ability  to  conr.ect  that  knowledge 
in  a  useful  way  to  fleet  requirements  and  operations. 
ONR's   traditional,  strong  and  stable  investment  in 
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ocean  science  and  technology  is  critical  to  me  and  to 
our  National  capability  in  oceanography. 

You  asked  me  to  testify  on  how  operational 
oceanography  capabilities  are  linked  to  civil  needs  and 
capabilities,  and  vice  versa;  a  complement  to  ONR' s 
strong,  traditional  linkage  to  academia  and  industry. 
It  is  that  concept,  and  a  philosophy  of  exposing  one's 
challenges  to  a  wide  variety  of  bright  people,  that  led 
me  to  call  upon  MEDEA.   MEDEA,  a  group  of  the  Nation's 
very  best  scientists  --  principally,  from  industry  and 
academia  —  cleared  for  access  to  classified 
information,  grew  out  the  then-CIA  Director  Gates  and 
then-Senator  Gore's  bipartisan  initiative  to  find 
collateral  uses  for  national  reconnaissance 
information,  especially  those  which  could  contribute  to 
solution  of  general  environmental  problems.   I  wanted 
to  expose  the  MEDEA  scientists  to  our  capabilities  and, 
conversely,   to  expose  our  operational  oceanographers 
to  other  bright  people  in  the  same  field;  ensure 
peripheral  vision,  if  you  will. 


11 


99 


I  asked  the  Ocean  Panel  of  MEDEA  to  review  Naval 
oceanographic,  meteorological  and  ice  data  holdings  for 
several  reasons.   First,  it  was  a  method  to  reinforce 
the  connection  between  Navy's  operational 
oceanographers  and  the  Nation's  best  civil  ocean 
researchers.   Second,  it  was  a  chance,  for  the  first 
time,  to  get  cleared  scientists  from  outside  of  the 
Navy  to  review  and  judge  the  quality  of  our  work. 
Third,  it  allowed  the  Panel  to  judge  the  utility  of  the 
Navy  data  for  other  National  purposes.   The  result  of 
their  work  was  published  in  an  unclassified  report 
called:   "Scientific  Utility  of  Naval  Environmental 
Data,"  June  1995.  Copies  have  been  made  available  to 
your  committees  for  their  use  in  your  partnership 
initiative.      - 

The  Report  was  highly  acclaimed  outside  of  the 
Navy  and  is  substantially  useful  inside.   Not  only  was 
the  quality  and  extent  of  Navy's  ocean  data  holdings 
strongly  endorsed,  and  its  utility  described,  but  a 
number  of  other  initiatives  were  articulated  that  aimed 
at  reinvigorating  and  maintaining  a  close  linkage 
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between  operational  Navy  Oceanographers  and  those 
renown  scientists  doing  research  on  Navy  and  other 
National  ocean  topics. 

As  MEDEA  was  finalizing  its  results,  the  Navy, 
internally  and  independently,  under  Admiral  Boorda's 
personal  and  direct  leadership,  was  reviewing  its 
oceanographic  program.  In  that  review,'  called  a  CNO 
Executive  Board  (CEB),  he  covered  both  Ocean  Science 
and  Technology  and  Operational  Oceanography  and 
supported  development  of  a  policy  statement  (since 
issued)  aimed  at  ensuring  oceanography  was  indeed  a 
core  requirement  and  responsibility  of  the  Navy, 
Central  to  his  decisions  is  the  importance  of  Navy 
leadership  in  the  National  oceanographic  scene. 
Admiral  Boorda  has  reviewed  that  for  you  already. 

Clearly  both  the  Defense  and  the  civil  sides  of 
oceanography  have  strengths  and  needs,  including  those 
whose  talents  and  assets  give  them  a  claim  to 
leadership.   In  any  case,  if  one  is  to  be  a  National 
leader,  as  Admiral  Boorda  directs,  there  are  certain 
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responsibilities  one  has.   There  are  also  benefits  that 
accrue  to  leaders  who  are  actively  engaged  with  others 
in  true  partnerships.   From  the  Navy  Oceanography 
viewpoint  there  are  several  opportunities  which  might 
be  leveraged  by  others  to  enhance  our  National 
capability. 

First,  I  am  chartered  to  ensure  that  the  Navy  and 
DoD  have  the  very  best  oceanographic  support  possible 
within  the  funding  available.   To  do  otherwise,  even 
for  other  lofty  goals,  is  contrary  to  the  program 
dictates  which  are  implicit  in  current  authorizations 
and  appropriations.   I  take  seriously  the  CNO' s  policy 
statement  about  oceanography's  core  status.   I  will 
fully  fund  and  deploy  as  soon  as  practical  a  fleet  of 
no  less  than  eight  survey  vessels,  maintain  a  state  of 
the  art  computational  capability  to  archive  and  analyze 
data  and  predict  ocean  and  atrospheric  conditions  for 
the  DoD.   I  will  seek  to  use  all-source  satellite  data 
to  best  describe  the  ocean.   I  will  retain  a  stable, 
competent  workforce  of  officers,  civilians  and  enlisted 
personnel  as  stewards  of  Navy's  core  oceanographic 
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competency.  At  the  same  time,  I  should  also  make  snart 
investments  in  improving  my  capability  by  harnessing 
the  brainpower  of  the  National  scientific  body. 

Second,  the  Navy  has  committed  to  stable,  long 
term  science  and  technology  investment  in  oceanography 
with  a  rather  balanced  apportionment  of  funds  between 
shallow  and  deep  water  process  studies.  As  the  end 
user  for  most  science  and  technology  successes,  I  will 
continue  to  argue  for  priority  funding  for  the  ocean 
sciences  within  the  Navy. 

Third,  partnerships  between  Navy  Operational 
Oceanographers  and  the  civil  sector  are  not  new. 
Today,  the  Navy  operates  the  National  Ice  Center  with 
the  Coast  Guard  and  NOAA.   The  Naval  Oceanographic 
Office  operates  a  Major  Shared  Resource  Center  which 
provides  supercomputer  capabilities  to  operational 
ocean  modelers  and  over  2000  Defense-supported  civil 
and  Government  researchers  who  need  large  scale 
computers  for  geophysical  and  other  fluid  dynamics 
calculations.   We  work  with  other  agencies  and 
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governments  to  maintain  a  suite  of  buoys  in  the  high 
Arctic  which  relay  environr.ental  information.   NOAA, 
Navy  and  Air  Force  share  responsibility,  using  their 
respective  Centers  of  Expertise,  for  analysis  of  ocean 
and  weather  data  sensed  from  space  (the  Navy  operates 
Centers  of  Expertise  in  Multi-channel  Sea  Surface 
Temperature  analysis.  Special  Sensor  Microwave  Imagery 
of  the  ocean  surface,  and  satellite  altimetry  data 
fusion) .  Academia,  American  commerce  and  other 
Government  agencies  all  benefit  from  such  cooperation. 
These  are  just  a  few  examples. 

Next,  The  Navy  has  unclassified  and  classified 
data  holdings  that  are  among  the  world's  most 
extensive.   It  is  of  the  highest  quality  and  it  is 
managed  in  a  technically  up-to-date  manner  --  easily 
reached  and  inter-related.   These  data  sets  have  been 
judged  to  have  utility  in  civil  ocean  research.   The 
Navy  has  committed  to  quick,  but  deliberate,  review* of 
these  data  for  potential  declassification  and  release. 
When  full  declassification  is  not  possible,  I  will  work 
with  cleared  members  of  the  scientific  community  over 
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the  long  term  to  find  ways  to  make  available  segregated 
blocks  of  data,  decimated  data  or  useful  products 
derived  from  the  classified  data.   One  will  note  that 
as  an  outgrowth  of  the  CNO' s  Executive  Board  on 
Oceanography,  Admiral  Boorda  decided  to  release 
previously  classified  GEOSAT  altimetry  data  which  are 
now  being  used  by  academics  and  NCAA  scientists  to 
predict  deep  ocean  topography. 

MEDEA  praised  the  Navy's  management  of 
oceanographic  data  as  first  rate.   Navy's  data  base 
management  systems  are  being  upgraded  to  allow  for  ease 
of  data  access  and  the  interrelationship  of  various 
data  types,   all  electronically.   They  have  suggested 
that  electronic  access  to  unclassified  Navy  data  and 
model  information  using  current  networking  technologies 
would  aid  students  and  researchers  with  valuable 
information.   Such  paths  can  inspire  and  allow  two-way 
exchanges  of  data.   While  the  MEDEA  suggestion  is 
technically  feasible,  it  is  not  funded  in  a  full  blown 
sense.  We  do  have  rather  new  "internet"  homepages  that 
allow  electronic  access  to  information  about  some  of 
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our  data  and  numerical  products.   This  is  fertile 
ground  to  till.   N'OAA  is  advancing  here,  as  well. 
Consultation  with  NOAA  and  other  potential  users  of  the 
data  we  collect  and  manage  is  increasingly  important. 

One  proposal  that  comes  out  of  the  MEDEA 
deliberations  is  that  the  Naval  Oceanographic  Office 
become  a  repository  of  very  highly  classified  data 
collected  by  National  Technical  Means  (NTM)  at 
specified  geolocations  in  the  ocean,  called  "ocean 
fiducial  sites."  At  these  sites  the  Navy  and  cleared 
civil  scientists  would  be  able  to  observe  the  ocean 
over  long  time  periods  by  comparing  the  comprehensive 
unclassified  and  classified  data  holdings  already  in 
the  Navy's  hands  with  national  sensor  (NTM) 
observations.   One  could  make  work  stations  available 
in  the  Naval  Oceanographic  Office  for  cleared 
scientists  to  view  and  work  with  all  of  these  data.   If 
Navy  becomes  a  fiducial  archive  site  under  CIA     ^ 
Environmental  Program  sponsorship,  I  hope  to  create, 
within  my  budget  authority,  that  modest  capability  for 
cleared  scientists.   The  return  for  that  investment 
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will  be  real-time  dialogue  between  researchers  and 
operational  oceanographers  on  techniques  for  use  of 
remotely  sensed  data  (and  other  classified  geophysical 
information) .  The  second  benefit  is  greater 
understanding  of  Navy  operational  oceanography  problems 
by  those  whose  research  is  funded  by  the  Office  of 
Naval  Research  and  others.   A  more  expensive  and 
presently  unbudgeted  option  would  be  to  electronically 
connect  via  classified  networks  to  secure  facilities 
already  established  around  the  country. 

No  agency  has  enough  sea  going  assets  to 
adequately  collect  the  amount  of  data  required  for 
operations  or  research.   Therefore,  when  these  precious 
assets  go  to  sea  they  must  be  as  efficient  as  possible. 
Greater  collaboration  among  the  agencies  that  own  and 
fund  oceanography's  at-sea  facilities  seems  a  worthy 
goal.  Certainly,  classified  operations  and  Law  of  the 
Sea  considerations  preclude  centralized  scheduling  of 
the  military  survey  and  civil  research  platforms,  but 
partnerships  can  be  reached.  For  example,   a  Navy 
survey  vessel  transiting  from  Hawaii  to  Guam  could 
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simply  drop  a  vertical  acoustic  array  being  used  by 
Scripps'   scientists  who  are  pursuing     National  Science 
Foundation  research.     Military  surveyors  would  not  be 
doing  any  research,   merely  dropping  off  a  piece  of 
"research  freight"   at  sea,    on  a  not-to-interfere  basis, 
en  route  to  survey  duties.      A  University  of  Washington- 
operated  ship  could  collect   gravity  data   for  Navy  use 
incidental   to   its   own   research   in  the  Gulf  of  Alaska. 
It   is  possible,    that  a  Woods  Hole  engineer  has 
developed  a  way  to  deploy  deep  moored  instruments   that 
is  safer  and  faster.     A  Navy  surveyor  may  have   found  a 
better  way  to  tow  an  acoustic  transmitter.     A 
commercial  seismic  engineer  may  have  a  better  technique 
for  streaming  complex   receiver  arrays.     A  structured 
ship  visitor/consultant  program  can  help  each  group 
more   efficiently   conduct    their    time  at   sea.      There  are 
some  costs  here,    but   they  are  not   large. 

Earlier,    I  discussed  a  contemporary     Navy 
challenge:   understanding  the   littoral.     One  response 
which  could  leverage  Navy  and  civil  capabilities  and  be 
cost  efficient  would  be  to  establish  natural 
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laboratories  in  US  waters  (the  Gulf  of  Mexico,  Gulf  of 
Alaska,  Buzzards  Bay,   for  example)  to  serve  as 
surrogate  environir.ents  for  those  classes  of  the 
littoral  to  which  the  Navy  cannot  get  ready  access 
overseas.   Harnessing  the  talent  of  local  oceanographic 
institutes  (in  the  Gulf  of  Mexico,  for  example,   one 
might  consider:  U  of  Miar.i,  Florida  State,  U  of 
Southern  Mississippi,  Mississippi  State,  LSU, 
University  of  New  Orleans,  Tulane,  Texas  A&M,  ARL 
Texas,  Naval  Research  Lab  Detachment  Mississippi)  who 
have  been  watching  their  back   yards  for  years.   One 
would  add  Navy  operational  data  sets  and  modeling 
capabilities.   Data  collection  and  on  scene  research 
would  use  various  university  ships  in  the  area,  thereby 
saving  steaming  funds.   Such  an  effort  addresses  a 
critical  Navy  need,  but  also  can  help  EPA,  Minerals 
Management  Service,  Corps  of  Engineers,  State 
Fisheries,  Environjnental  and  Marine  Science  agencies 
and  others  as  well.   The  Office  of  Naval  Research  is 
investigating  variations  of  this  theme  as  a  result  of 
the  CNC s  Executive  Board  on  oceanography.   I  am  eager 
to  join  this  effort  with  my  in-kind  capabilities. 
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Before  I  leave  the  challenges  of  the  littoral,  let 
me  punctuate  the  value  of  partnering  with  top 
oceanographers  outside  of  the  Navy;  I  called  it 
peripheral  vision  earlier.   Just  this  month,  the  MEDEA 
Ocean  Panel  met  with  scientists  from  the  Naval  Research 
Lab,  the  Naval  Oceanographic  Office  and  with  me  in 
Mississippi.  The  MEDEA  concept,  with  its  cleared 
membership  substantively  involved  in  relevant   •-- 
experiments,  represents  a  partnership  with  ongoing 
success.   It  allows  one  to  focus  national  talents  on 
high  priority,  new  and  complex  challenges  using  the 
best  national  assets.   The  MEDEA  Ocean  Panel  has,  in  my 
opinion,  become  wedded  to  the  micro-scale  littoral 
challenge  that  the  Navy  faces  because  it  is  intriguing, 
important  and  new  tools  are  available.   Navy 
oceanographers  have  been  able  to  capture  new  thoughts, 
ideas  for  further  research  and  some  rules  of  thumb  that 
operational  Naval  oceanographers  can  use  from  this 
partnership.   I  would  recommend  continuation  of  a 
substantive  MEDEA  effort  under  any  new  partnership 
initiative;  because  I  have  seen  it  work  already. 
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For  several  decades  now,  the  Navy  has  sent  a  few 
oceanography-specialist  officers  to  graduate  education 
at  civilian  schools  for  oceanography.   For  example,  I 
went  to  Catholic  University  here  in  Washington,  my 
Executive  Assistant  went  to  Scripps,  one  of  my 
Commanding  Officers  to  Florida  State,  my  predecessor 
went  to  the  University  of  Washington.   The  large 
majority  go  to  a  very  rigorous,  specially  tailored 
double-masters  degree  program  at  the  Naval  Postgraduate 
School  in  Monterey.   Monterey's  rigorous,  high  quality 
program  is  the  best  prescription  to  meet  our  general 
needs.   But,  I  trust  we  can  continue  to  afford  the 
opportunity  for  a  few  students  each  year  to  achieve 
graduate  degrees  at  other  prestigious  universities.   It 
does  provide  the  Navy  with  a  few  different  viewpoints 
on  technical  issues,  and  it  develops  lifelong  ties  to 
civilian  experts  in  academia  upon  whom  we  must  call. 
It  is  a  method  to  ensure  a  degree  of  peripheral  vision 
for  the  Navy  and  gives  academia  visibility,  however 
informal,  into  Navy  oceanography.   This  is  a  program  I 
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hope  to  continue  to  encourage  when  the  right  matches 
can  be  made. 

There  are  many  great  ideas  being  pursued  in  the 
oceanography  centers  in  this  Country.   It  is  important 
to  me  that  both  the  Navy's  ocean  scientists  and  our 
operational  oceanographers  have  access  to  them. 
Likewise,  it  is  important  that  students  and  civil 
researchers  be  exposed  to  Navy' s  oceanography 
challenges  and  be  excited  by  them,  so  that  we  might 
draw  on  them  for  relevant  solutions  to  our  problems 
throughout  their  research  lives. 

As  a  national  leader  in  oceanography,  the  Navy 
recognizes  its  responsibility  to  the  country.   To  the 
extent  that  security  is  safeguarded  and  funding  is 
available  and  appropriate,  Navy's  operational 
oceanography  enterprise  will  continue  to  pursue 
National  leveraging  opportunities  as  it  focuses, 
absolutely,  on  better  support  to  the  operating  forces  . 
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RADM  PAUL  G.  GAFFNEY,  II 

UNITED  STATES  NAVY 

COMMANDER,  NAVAL  METEOROLOGY 
AND  OCEANOGRAPHY  COMMAND 


Rear  Admiral  Gafihey  assumed  command  of  the  Naval  Meteorology  and  Oceanography 
Command  on  August  IS,  1994.  Be  was  most  recently  the  Conimanding  Officer  of  the 
Naval  Research  Laboratory  In  Washington,  DC,  with  mi^or  offices  in  Mississippi,  Florida 
and  California  from  1991  to  1994.  During  the  period  1989-91,  he  was  the  Assistant  Chief 
of  Naval  Research  in  the  Office  of  Naval  Research,  Arlington,  VA.  Previously,  he  was  the 
Director  of  the  Oceanography  Resources  Division  in  the  Office  of  the  Chief  of  Hav«I 
Operations  from  1986-89. 

A  1968  graduate  of  the  U.S.  Naval  Academy,  he  was  selected  for  immediate  graduate 
education  and  attended  the  Catholic  University  of  America  in  Washington,  DC,  as  a 
student  and  research  associate  during  1968-69.  He  received  a  master's  degree  in  Ocean 
Engineering.  He  served  from  1969-71  as  Operations  ORicer  on  board  USS  WHIPPOORWILL 
(MSC  207),  a  minesweeper  homeported  in  Sasebo,  Japan. 

In  1971,  he  commenced  a  series  of  oceanography  assignments,  beginning  with  duty  as 
the  Commander,  U.S.  Naval  Forces  Vietnam  Staff  Oceanographer  and  Advisor,  Vietnamese 
Navy  Combat  Hydrographic  Survey  Team.  In  1972,  he  was  assigned  as  the  Oceanographic 
Services  Officer  at  the  U.S.  Fleet  Weather  Central  in  Rota,  Spain.  He  returned  to 
Washington  to  serve  as  the  Executive  Assistant  and  Aide  to  the  Oceanographer  of  the  Navy 
from  1975-78. 

After  a  year  as  a  student  and  Advanced  Research  Fellow  at  the  Naval  War  College, 
Newport,  RI,  from  which  he  graduated  with  highest  distinction,  he  assumed  command  of 
Oceanographic  Unit  FOUR  embarked  in  USNS  CHAUrVENET  (T-AGS  29)  permanently 
deployed  conducting  hydrographic  surveys  of  the  Makassar  Strait  in  the  Republic  of 
Indonesia,  1979-80. 

Next  was  an  assignment  as  the  Director  (acting)  of  Arctic  and  Earth  Sciences  Research 
in  the  Office  of  Naval  Research  in  1980,  after  which  he  was  selected  to  be  the  Military 
Assistant  to  the  Assistant  Secretary  of  Defense  (International  Security  Affairs)  from  1981- 
83.  He  then  reported  to  Jacksonville,  FL,  as  Executive  Officer,  then  Commanding  Officer, 
of  the  Naval  Oceanography  Command  Facility  and  Staff  Oceanographer  to  Commander, 
Sea-based  ASW  Wings  Atiantlc.  While  in  Jaclsonville,  he  completed  a  master's  degree  In 
Business  Administration  from  Jaclcsonville  University. 

Rear  Admiral  Gaffney's  career  has  been  recognized  by  the  following  awards:  Defense 
Superior  Service  Medal,  Legion  of  Merit  (3  awards).  Bronze  Star  with  "V",  Meritorious 
Service  Medal  and  the  J.  William  Mlddendorf  Prise  for  Strategic  Research  at  the  Naval  War 
College  in  1979.    He  is  a  member  of  the  Explorer's  Club  and  Sigma  Xi. 

He  Is  married  to  the  fomter  Linda  L.  Myers  of  Ruidoso,  NM.    The  Gaffneys  have  one 
daughter.  Crista,  a  student  at  the  University  of  South  Carolina. 
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Mr.  Weldon.  Thank  you,  Admiral  Gafftiey. 
Dr.  Frosch? 

STATEMENT  OF  DR.  ROBERT  A.  FROSCH,  CENTER  FOR 
SCIENCE  AND  INTERNATIONAL  AFFAIRS,  JOHN  F.  KENNEDY 
SCHOOL,  HARVARD  UNIVERSITY 

Dr.  Frosch.  Thank  you,  chairmen,  and  members  of  the  commit- 
tees. 

I  think  I  am  here  today  because  I  have  had  a  rather  curious  per- 
sonal career,  in  the  course  of  which  I  have  looked  at  ocean  and  re- 
search and  development  and  technology  issues  from  an  unusually 


ant  secretary  of  the  Navy  for  research  and  development,  as  assist- 
ant executive  director  of  the  UN  environment  program,  as  adminis- 
trator of  NASA,  and  for  11  years  as  the  vice  president  of  General 
Motors  in  charge  of  research  laboratories,  I  have  seen  this  kind  of 
thing  from  a  variety  of  angles. 

And  though  I  appear  today  as  an  individual,  I'd  like  to  say  a  few 
things  that  come  to  me  because  I  have  seen  it  from  so  many  singles. 

As  others  have  said  quite  eloquently  this  morning,  the  planet  is 
dominated  by  its  oceans  and  an  ability  to  understand  how  they  op- 
erate to  develop  technology  to  work  in  and  with  them,  and  to  apply 
both  the  understanding  and  the  technolog>%  is  of  importance  clearly 
for  national  security  purposes,  for  economic  purposes,  and  for  the 
way  in  which  we  live  around  the  edge  of  the  oceans. 

Nearly  half  our  states  are  salt  water  states  and  most  of  our  peo- 
ple actually  live  close  to  the  ocean,  and  large  parts  of  our  econom- 
ics and  commerce  are  connected  with  the  oceans. 

The  oceans  are  im.portant  in  our  understanding  of  climate  and  in 
the  generation  of  climate  and  weather. 

So  understanding  them  and  knowing  how  to  use  them  and  work 
in  them  can  be  a  major  asset  to  U.S.  living  from  all  points  of  view. 

We  frequently  hear  the  term,  dual-use  technology.  Is  there  dual- 
use  technology?  Can  technology  be  used  for  more  than  one  purpose? 

My  view,  after  looking  at  it  for  a  long  time,  is  that  I  don't  know 
of  any  single-use  knowledge  or  single-use  technology.  It  always 
seems  to  be  the  case  that  knowledge  and  technology,  if  it  is  deep 
knowledge  and  fundamental  understanding  of  how  to  do  things,  is 
usable  for  all  the  purposes  that  interest  us.  And  you  have  certainly 
heard  some  examples  this  morning  of  the  use  of  knowledge  and 
technology  developed  for  naval  purposes,  for  civil  purposes,  and  the 
same  is  true  in  the  other  direction. 

While  there  is  plenty  of  cooperation  among  agencies  and  between 
agencies  and  academia,  perhaps  the  weakest  part  of  cooperation 
over  the  years  has  been  the  link  between  current  and  potential 
ocean  businesses  and  the  well-coordinated  or  relatively  well-coordi- 
nated attempts  to  link  ocean-related  federal  agencies  and  academic 
institutions. 

The  Sea  Grant  Program  has  over  the  years  done  a  good  deal  to 
try  to  link  what  we  learn  about  the  oceans  with  businesses  that 
might  use  it.  But  there  are  difficulties  in  doing  so  which  we  will 
need  to  think  about. 
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While  there  are  some  large  firms  and  large  aggregations  of  firms 
in  businesses  related  to  the  ocean — oil  and  gas  and  parts  of  ship- 
ping— a  large  number  of  the  ocean-related  businesses  and  busi- 
nesses that  operate  on  and  near  the  seacoast,  consist  of  numbers 
of  small-  and  medium-sized  firms  with  relatively  little  individual 
capacity  to  do  research  and  development,  and  sometimes  relatively 
little  capacity  to  know  how  to  benefit  from  the  available  knowledge. 

For  example,  many  parts  of  the  boating  and  recreational  indus- 
tries, the  construction  industry  when  it  works  on  homes  and  even 
on  businesses  near  and  on  the  coast,  and  even  our  communities 
which  share  common  problems  with  sewage,  flooding,  water  and 
coastal  construction  and  beaches  when  they  operate  separately  and 
independently,  may  not  individually  have  the  capability  to  learn 
what  is  needed  to  be  learned  and  to  apply  it. 

At  the  same  time,  the  individual  communities  and  businesses 
have  that,  the  federal  agencies,  for  the  reasons  discussed  this 
morning,  are  developing  such  knowledge  and  technology  and  trymg 
to  share  it  with  all  of  the  other  actors  in  the  economic  system. 

This  suggests  that  we  need  some  further  elaboration  of  mecha- 
nisms and  institutions  that  will  enable  cooperation  between  the 
federal  agencies,  the  academic  institutions,  and  the  businesses  and 
individual  communities  and  localities  that  might  benefit  each  other 
by  using  and  applying  what  is  learned,  and  by  posing  problems  to 
those  who  are  doing  the  research. 

Though  I'm  not  sure  what  kinds  of  institutions  are  required,  but 
I'd  like  to  make  a  couple  of  comments  about  some  characteristics 
that  they  must  share. 

While  high-level  commissions  and  coordinating  bodies  and  orga- 
nizations are  useful,  the  lifeblood  of  knowing  how  to  use  knowledge 
and  knowing  what  the  problems  really  are  is  direct  contact  be- 
tween those  who  are  doing  the  research  and  development  and  gen- 
erating the  knowledge,  and  those  in  communities  £ind  businesses 
who  might  benefit  by  it  and  who  might  ask  important  questions 
that  will  lead  to  new  and  important  and  useful  research. 

Arms'-length  mechanisms  of  the  kind  beloved  by  our  procure- 
ment systems  are  not  a  very  good  way  to  produce  informal  con- 
versations. 

So  one  of  the  things  I  would  hope  that  these  committees  will  do 
is  make  clear  that  the  agencies  and  those  who  generate  the  knowl- 
edge are  authorized  and  encouraged  to  talk  and  to  develop  net- 
works of  informal  contact  and  coordination  across  all  levels  of  gov- 
ernment and  with  the  businesses  and  industries  that  will  use  the 
results  of  the  knowledge  and  technology  that  are  generated. 

I  make  the  point  because  we  sometimes  have  formal  statutory 
and  regulatory  mechanisms  that  stand  in  the  way  of  such  conversa- 
tions— not  always,  but  sometimes. 

There  have  been  applications  of  the  Federal  Advisory  Committee 
Act  which  have  been  made  difficulties  and  there  are  aspects  of  pro- 
curement that  make  difficulties. 

Without  arguing  that  there  is  no  necessity  for  vigilance  and  con- 
cern over  bias  and  conflict  of  interest,  I  think  it  is  important  that 
there  get  to  be  mechanisms  by  which  informal  conversations  about 
ideas  can  continue  and  be  encouraged. 

And  one  final  and  perhaps  bold  comment. 
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I'm  particularly  glad  to  see  this  as  a  joint  hearing.  As  others 
have  referred  to,  in  the  past,  it  has  frequently  been  difficult  to  or- 
ganize and  to  coordinate  things  in  subjects  as  diverse  as  the  oceans 
because  the  agencies  and  activities  have  been  spread  over  so  many 
congressional  committees. 

I  have  occasionally  had  the  feeling  that  one  of  the  tasks  of  an 
agency  head  or  a  senior  official  with  such  a  responsibility  is  to 
somehow  find  a  way  to  coordinate  committees  of  Congress.  And  I'm 
delighted  to  see  the  Congress  worrying  about  how  it  can  present 
a  coordinated  and  useful  set  of  policies  that  will  view  the  oceans 
as  a  problem  which  goes  across  a  number  of  constituencies  and  a 
number  of  agencies. 

And  that  cooperation  is  likely  to  be  helpful  to  all  aspects  of  the 
Federal  Government  and  to  all  levels  of  government  Eind  business 
in  creating  the  body  of  knowledge  and  technology  and  using  it  for 
our  total  national  benefit. 

I  think  this  is  a  wonderful  opportunity  and  a  wonderful  initia- 
tive, and  I  thank  you  for  the  opportunity  to  testify  on  it. 

Thank  you,  Mr.  Chairman 

[The  prepared  statement  of  Dr.  Frosch  follows:] 
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John  F.  Kennedy  School  of  Government 

Harvard  University 

Mr.  Chairman,  Members  of  the  Committee,  my  name  is  Robert  A. 
Frosch,  and  I  am  honored  to  testify  before  you  today  on  the 
topic:  Leveraging  National  Oceanographic  Capabilities. 

I  began  my  professional  career  in  1951  as  a  research  scientist, 
and  later  Director,  of  Hudson  Laboratories,  created  and  operated 
by  Columbia  University  at  the  request  of  the  Navy,  to  study  the 
oceanographic  factors  that  influenced  the  long  range  propagation 
of  sound  in  the  oceans.  The  purpose  of  this  research  was  to  build 
a  foundation  of  knowledge,  and  to  find  out  how  to  exploit  the 
knowledge  to  make  possible  long  range  detection  of  submarines. 
From  1966  through  1972  I  was  Assistant  Secretary  of  the  Navy  for 
Research  and  Development.  I  have  also  been  Assistant  Executive 
Director  of  the  United  Nations  Environment  Programme  (UNEP) ,  and 
Administrator  of  the  National  Aeronautics  and  Space 
Administration  (NASA) .  I  came  to  the  Kennedy  School  when  I 
retired  from  General  Motors  Corporation  after  eleven  years  as 
Vice  Resident  in  charge  of  Research  Laboratories  and  later  the 
Research  and  Development  Center.  I  am  currently  a  Trustee  of  the 
Woods  Hole  Oceanographic  Institution. 

I  appear  today  as  a  witness  purely  as  an  individual,  representing 
no  organization.  In  my  brief  remarks  I  want  only  to  make  several 
simple  points,  without  going  deeply  into  detail. 

This  planet  is  dominated  by  its  oceans,  which  cover  some  70%  of 
its  surface,  play  a  major  role  in  controlling  its  climate  and 
weather,  and  mold  and  influence  its  shorelines.  In  the  United 
States,  twenty  four  of  our  states  border  on  salt  water,  more  than 
half  our  population  lives  on  the  10%  of  our  land  which  is 
coastal,  a  large  fraction  of  our  jobs  are  in  coastal  areas,  and  a 
third  of  our  Gross  National  Product  (GNP)  is  linked  to  the 
coastal  zone  through  fishing,  transportation,  recreation,  and 
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similar  activities.  The  country  can  be  seen  as  linked  to,  or 
divided  from,  most  of  the  rest  of  the  world  by  the  oceans;  they 
have  been  both  the  route  of  most  of  our  commerce,  and  a  major 
national  security  asset.  The  facts  mean  that  the  oceans  are 
important  to  our  national  life. 

Increasing  knowledge  of  oceanographic  events  in  the  tropical 
Pacific  ocean  (El  Nino,  Southern  Ocean:  ENSO)  is  enabling  us  to 
begin  to  have  a  capability  to  predict  some  aspects  of  our  climate 
andweather  well  in  advance.  This  capability  is  important  for 
agriculture  in  the  whole  country,  and  for  everything  else  weather 
affects.  Knowledge  of  the  oceans,  the  ability  to  measure  and 
monitor  them,  and  the  technology  to  use  the  oceans,  is  key  to 
naval  capabilities  to  protect,  or  to  project  power;  to  operate  to 
our  best  advantage  on,  above  and  below  the  seas.  The  same 
knowledge  of  the  oceans,  and  the  same  basic  technology  for  using 
it  is  also  key  to  preservation  and  strengthening  of  fisheries,  to 
aquaculture,  to  the  siting  and  design  of  sewage  treatment  and 
outfalls,  to  the  location  of  marinas,  to  the  quality  of  boating, 
and  to  safety  at  sea. 

Understanding  the  oceans  can  be  a  major  asset  to  economic  and 
other  aspects  of  U.S.  living.  We  can  take  advantage  of  knowledge 
of  the  oceans  and  the  coastal  zone  to  understand  how  our 
activities  and  businesses  can  be  conducted  in  an  appropriate  way 
that  uses  the  properties  of  the  oceans,  and  the  interaction  of 
the  oceans  with  the  coast  and  the  coastal  zone,  to  our  best  short 
and  long  term  advantage.  Knowledge,  and  technology  (seen  as 
knowledge  of  'how  to'  do  things) ,  are  a  foundation  for  better  and 
more  successful  businesses,  and  for  states  and  local  communities 
to  use  the  oceans  and  coastal  zone  as  assets. 

The  bodies  of  fundamental  knowledge,  and  the  basic  technologies 
for  using  the  knowledge,  required  for  defense  purposes  and  for 
civilian  purposes  are  largely  the  same;  they  strongly  overlap. 
The  knowledge  and  technology  are  automatically  dual  use,  although 
the  details  of  application  and  the  specific  embodiments  of  the 
technology  may  differ.  I  have  seldom,  if  ever,  seen  a  case  in 
which  knowledge  and  technology  developed  for  naval  purposes  was 
not  usable,  and  valuable,  for  civil  and  business  purposes,  and 
vice  versa.  Naval  purposes  and  civil  purposes  may  emphasize 
different  application  problems,  may  approach  them  in  different 
ways,  and  may  produce  somewhat  different  areas  of  knowledge  and 
technology,  but  the  resulting  knowledge  and  technology  are  usable 
for  each  other's  purposes.  Important  developments  for  the  Navy 
have  come  from  civilian  projects,  and  for  civil  purposes  from 
naval  projects.  Having  both  approaches  to  somewhat  different 
purposes  and  problems  produces  results  that  are  better  for  both 
than  either  would  be  for  each  alone. 

For  this  reason,  the  Navy  and  other  federal  agencies  heavily 
involved  in  the  oceans  and  oceanographic  matters,  including  the 
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Coast  Guard,  the  National  Science  Foundation  (NSF) ,  the  National 
Oceanic  and  Atmospheric  Agency  (NOAA) ,  and  the  National 
Aeronautics  and  Space  Administration  (NASA)  have  all,  over  the 
years,  worked  together  with  each  other,  and  with  the  nation's 
academic  oceanographic  institutions,  and  with  businesses  working 
in,  around  and  with  the  oceans.  The  federal  agencies  have  played 
an  important  role  in  creating  a  national  ocean  community,  both  by 
financial  support  for  the  creation  of  knowledge  and  technology 
needed  by  government  agencies  to  carry  out  their  missions,  but 
useful  for  other  purposes,  and  by  being  important  agents  in 
bringing  members  and  potential  members  of  the  ocean  community 
together. 

Perhaps  the  weakest  part  today  is  the  link  between  current  and 
potential  ocean  related  businesses,  and  the  already  relatively 
well  coordinated  community  of  ocean  related  federal  agencies  and 
academic  institutions.  While  the  Sea  Grant  program  has  gone  a 
long  way  to  linking  the  academic  institutions  and  the  federal 
agencies  to  states  and  localities,  those  links,  too,  could 
benefit  by  further  strengthening. 

Linking  ocean  related  businesses  more  strongly  with  the  existing 
ocean  community  (and  many  links  already  exist)  is  made  more 
difficult  by  the  fact  that,  while  many  aspects  of  ocean  business 
involve  large  firms  with  a  capability  to  generate  their  own 
knowledge  (eg  oil  and  gas,  parts  of  shipping) , and  to  use  it,  many 
ocean  related  businesses,  such  as  both  commercial  and  sport 
fishing,  boating  and  recreation,  tourism,  near  shore 
construction,  and  beach  activities,  are  made  up  of  a  large  number 
of  small  and  medium  size  businesses.  Neither  these  businesses,  or 
the  many  coastal  communities  with  common  problems  with  beach 
erosion,  coastal  construction, sewage  and  waste  disposal,  inshore 
and  near  shore  pollution  and  other  environmental  problems,  etc. 
have  the  individual  capacity  to  do  the  research  and  development 
required  to  provide  the  fundamental  knowledge  and  technology  that 
they  need  and  from  which  they  would  benefit.  The  scale  of  the 
required  R&D  is  too  large  for  them.  Indeed,  it  is  sometimes 
difficult  for  them  to  find  the  capacity  to  learn  what  knowledge 
and  technology  is  available,  and  to  use  it. 

At  the  same  time,  the  federal  agencies,  for  the  reasons  given 
above,  are  customers  for  such  knowledge  and  technology,  and  have 
the  capability  and  responsibility  for  its  generation.  The  states 
and  Federal  agencies,  and  academic  institutions  and  private 
businesses,  can  all  benefit  from  the  development  of  fundamental 
knowledge  and  technology,  and  from  what  is  learned  when 
applications  are  made.  We  have  an  opportunity  to  develop  further 
a  mutually  supporting  network  of  institutions  at  various  levels 
and  in  several  sectors. 

The  pattern  of  needs  and  responsibilities  suggests  further 
elaboration  of  a  network  of  cooperating  institutions  linking  the 
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institutions  that  can  create  the  knowledge  and  technology,  the 
institutions  with  a  responsibility  for  its  creation,  and  the 
natural  customers  and  users  of  the  results:  government  at  all 
levels,  academic  institutions,  and  businesses.  All  have  roles  to 
play  in  creating  and  using  ocean  knowledge. 

Some  excellent  institutions,  such  as  the  the  Joint  Oceanographic 
Institutions,  and  the  Consortium  for  Oceanographic  Research  and 
Education,  and  several  professional  societies,  link  the  academic 
research  institutions  with  each  other  and  with  the  Federal 
agencies.  The  Sea  Grant  program  has  provided  a  mechanism  for 
linking  academic  institutions  with  states  and  local  communities 
and  with  businesses.  There  is  an  opportunity  and  a  need  to  expand 
and  extend  these  mechanisms  and  networks.  There  is  a  clear 
government  need  at  the  federal  level,  and  the  scale  of  the  oceans 
and  ocean  problems  makes  national  activity  both  required  and 
sensible.  There  is  a  need  at  state  and  community  levels,  and  an 
opportunity  for  ocean  related  businesses  to  contribute  and  to 
benefit,  and  for  new  businesses  to  be  created. 

The  key  to  making  knowledge  and  technology  available  to 
businesses  and  localities,  and  to  incorporating  their  knowledge 
into  the  needs  of  the  Navy  and  other  federal  agencies,  is  direct 
contact  between  those  who  are  generating  the  knowledge  and 
technology  and  those  who  might  use  the  results.  We  need  more 
mechanisms  for  direct  contact  and  discussions.  Others  are  more 
expert  than  I  am  in  the  design  of  such  systems,  but  the  key 
requirement  is  the  facilitation  of  conversation  and  discussion 
between  those  with  knowledge  and  technology  and  those  with  needs 
for  their  use.  "Arms  length"  mechanisms  are  neither  satisfactory 
nor  sufficient;  there  must  be  direct,  detailed  informal 
discussion  over  a  period  of  time  if  the  real  needs  are  to  be 
understood,  and  the  really  relevant  knowledge  and  technology  to 
satisfy  the  needs  are  to  be  identified.  The  people  involved 
really  have  to  work  closely  together. 

Continuing  the  role  of  the  Federal  agencies  in  funding  and 
stimulating  the  creation  of  ocean  knowledge  and  technology,  and 
the  use  of  this  knowledge  by  state  and  local  governments  and  by 
businesses  is  implied  by  the  nature  of  the  problems  and 
possibilities  of  the  oceans,  by  our  national  and  local 
relationships  to  the  oceans,  by  our  strong  academic  institutions 
working  on  ocean  problems,  and  by  the  possibilities  for  using  the 
knowledge  and  technology  for  strengthening  ocean  businesses  and 
creating  new  ones.  We  have  an  opportunity  for  strong  mutual 
support  among  a  variey  of  segments  of  our  society,  drawn  together 
by  an  important  piece  of  our  national  and  planetary  environment. 
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Mr.  Weldon.  Thank  you,  Dr.  Frosch.  And  our  final  witness,  the 
former  CNO  and  former  Secretary  of  Energy,  and  currently  the  Ex- 
ecutive Director  or  head  of  CORE,  Admiral  Watkins. 

STATEMENT  OF  ADMIRAL  JAMES  D.  WATKINS,  USN  [Ret.],  CON- 
SORTIUM FOR  OCEANOGRAPHIC  RESEARCH  AND  EDU- 
CATION 

Admiral  Watkins.  Thank  you,  Mr.  Chairman,  Chairman  Saxton, 
Chairman  Rohrabacher,  and  members  of  the  subcommittees. 

On  behalf  of  the  nearly  40  academic  oceanographic  institutions 
of  the  Consortium  for  Oceanographic  Research  and  Education,  re- 
ferred to  by  prior  witnesses  as  CORE,  I'd  like  to  thank  you  for  this 
opportunity  to  testify  at  this  special  watershed  hearing. 

Before  going  on,  I'd  like  to  bring  to  the  attention  of  the  chairmen 
of  the  committees  the  fact  that  in  my  formal  statement,  I  attach 
statements  from  NASA,  from  DOE,  USGS,  MMS,  and  EPA,  who 
could  not  be  here  today  at  the  table — we  just  didn't  have  a  long 
enough  table.  But  I  want  to  tell  you  how  important  they  are  to  the 
contribution  of  national  science  research  in  the  oceans. 

They  represent  about  25  to  30  percent  of  the  funding  base  for 
this  nation.  And  therefore,  it  cries  out  for  some  kind  of  an  addi- 
tional partnership  between  us,  to  make  sure  that  we  bring  all  of 
the  federal  agencies  together.  They  all  make  a  contribution.  They 
aren't  that  redundant.  They  do  work  together.  But  we  can  do  it  bet- 
ter in  the  future. 

I've  been  asked  to  wrap  up  today's  hearing  and  discuss  follow- 
on  actions  that  we  should  take  to  answer  the  call  of  this  hearing 
today  to  leverage  national  ocesmographic  capabilities  better,  includ- 
ing their  public  visibility,  as  well  as  their  contribution  to  important 
national  goals. 

Now  we've  heard  insightful  testimony  this  morning  fi*om  wit- 
nesses that  represent  the  cross-section  of  the  highest  levels  of  lead- 
ership in  the  oceanographic  community.  And  several  clear  and  im- 
portant messages  were  presented  to  you. 

From  those  messages,  ocean  science  is  clearly  contributing  to  the 
overall  well-being  of  the  nation.  But  we  can  do  more  in  the  years 
ahead. 

We're  at  a  critical  jiincture  in  attempting  to  match  ocean  science 
and  technology  to  growing  societal  needs.  We  stand  at  a  point 
which  was  made  earlier  by  others,  where  we  need  to  decide  the  fate 
of  the  ocean  sciences  for  the  year  2000  and  beyond. 

Now  a  quarter  of  a  century  ago,  a  major  presidential  commission 
reshaped  the  federal  oceanographic  establishment.  One  major  re- 
sult was  the  coupling  of  oceanographic  and  atmospheric  research 
and  the  formation  of  NOAA. 

Now  oceanographic  research  has  matured.  Twenty-five  years  ago, 
much  of  the  ocean  research  was  driven  by  the  Cold  War.  The  idea 
of  satellites  for  oceanographic  use  was  a  pipedream  at  that  time. 
We  had  no  inkling  that  an  entire  self-sufficient  ecosystem  could 
thrive  on  hydrothermal  vents,  one  of  the  most  severe  environments 
on  earth,  as  Dr.  Ballard  testified. 

As  we've  heard  today,  cheinges  in  the  way  we  utilize  and  value 
our  oceans  and  coastal  areas  are  now  driving  the  potential  for 
many  new  applications  of  ocean  science  and  technology  and  placing 
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many  new  demands  on  the  nation's  investment  in  these  areas. 
These  changes  have  taken  place  during  an  era  of  level  funding  of 
the  basic  oceanographic  research,  as  we  have  shown  on  the  graph. 

It  has  remained  at  a  constant  $525  million  in  FT  '95  constant 
dollars  for  12  years,  even  as  the  total  investment  in  basic  research 
in  the  United  States  has  doubled. 

As  a  result,  ocean  sciences  now  represent  less  than  four  percent 
of  the  total  federal  basic  research  budget,  down  from  the  seven  per- 
cent in  Fiscal  '82. 

I  am  quick  to  point  out,  having  made  that  statement,  that  in  my 
wanderings  about  Congress  in  preparation  for  these  hearings 
today,  I  was  asked  by  so  many — did  anybody  ever  ask  the  Con- 
gress? Did  anybody  ever  bring  this  to  their  attention? 

The  answer  is  no. 

There  hasn't  been  any  unified  spokesperson  for  the  oceans  in  this 
country.  There  have  been  tremendous  leaders  in  the  various  agen- 
cies fighting  for  what  they  think  is  right,  cut  back  by  0MB  for 
budget  realities.  But  in  aggregate,  we've  not  done  a  good  job  in 
highlighting  this, 

I  give  credit  to  the  space  agency  for  bringing  together  this  nation 
and  exciting  the  Congress  of  the  United  States  and  the  people  in 
that  area.  And  I  applaud  the  almost  daily  reports  in  the  Washing- 
ton Post  about  colliding  nebuli,  the  fact  that  we're  going  to  blow 
up  in  5  billion  years. 

Those  are  exciting  things. 

But,  on  the  other  hand,  I  don't  think  that  those  kinds  of  things 
are  necessarily  going  to  solve  the  doubling  of  the  population  of  this 
globe  by  the  middle  of  the  next  century.  And  those  are  the  things 
we  have  to  face  now. 

And  we  recognize  that  we're  not  going  to  have  the  dollars  avail- 
able, possibly.  So,  therefore,  leveraging  current  and  future  capabili- 
ties in  new  ways  is  a  logical  must. 

Now  you've  heard  people  describe  what  science  needs  to  be  done. 
And  I  believe  we  have  excellent  organizations  in  this  country  to 
contribute—the  federal  agencies,  academic  institutions — the  Na- 
tional Academy  of  Sciences  pulls  together. 

We  know  what  to  do.  We  don't  know  how  to  do  it  when  we  have 
this  broad-based  integration  that  needs  correction.  So  I'm  going  to 
talk  about  how  best  to  perform  the  science  in  a  more  efficient  way. 

Now  Dr.  Alberts  testified  about  his  excellent  report  of  1992  called 
"Oceanography  in  the  Next  Decade."  I  consider  that  to  be  a  water- 
shed report.  It's  a  clear  direction  to  the  community,  the  academic 
community,  and  it  deals  with  a  redefinition  of  what  that  oceano- 
graphic community  is  in  the  context  of  societal  needs. 

Basically,  the  report  says  to  the  academic  institutions,  get  your 
act  together.  Speak  with  one  voice  and  support  national  priority 
programs.  And  we're  really  doing  that,  but  not  as  powerfully  as  we 
could. 

It  was  in  this  context,  then,  of  that  report,  with  the  support  and 
supervision  of  the  National  Science  Foundation,  NASA,  ONR, 
ARPA  in  the  Department  of  Defense,  and  the  Department  of  En- 
ergy, and  over  100  scientists  and  other  experts  fi-om  the  ocean 
science  and  technology  community  representing  federal  agencies, 
academia  and  industry,  were  brought  together  by  my  organization. 
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CORE,  for  the  Interagency  Partnership  Initiative.  The  idea  was  to 
lay  the  groundwork  for  carrjdng  out  the  challenges  of  the  NRC  re- 
port where  integration  within  the  ocean  science  community  can  add 
value  to  all  connected  partners  and  increase  mission  effectiveness 
and  efficiencies  of  the  agencies. 

This  approach  does  not  interfere  at  all  with  the  pursuit  of  unique 
missions  and  programs  of  the  individual  federal  agencies. 

The  result  of  this  exercise  is  the  report,  "Oceans  2000" — I'll  steal 
Dr.  Frosch's  copy — that  I  sent  to  the  members  of  these  committees 
up  here  before  this  testimony.  It's  called  "Oceans  2000:  Bridging 
the  Millennia — Partnerships  for  Stakeholders  in  the  Oceans."  And 
the  report  identifies  a  broad  realm  of  research  opportxuiities  em- 
bedded in  the  themes  of  quality  of  life,  economic  development,  edu- 
cation/communications and  national  security. 

The  ultimate  conclusion  of  the  report  is  a  set  of  recommendations 
in  three  general  area — a  set  of  partnership  opportunities  where 
cross-decking  of  research  information  is  essential,  a  management 
blueprint  to  carry  that  out,  and  the  encouragement  of  the  direct  in- 
volvement of  Congress  as  key  partners. 

Specific  partnership  areas  were  defined,  including  data  collection, 
declassification,  quality  control,  sharing  of  community  resources  in- 
cluding people,  laboratories,  research  platforms  and  computing  ca- 
pabilities. And  partnerships  in  formal  classroom  education,  using 
the  oceans  to  integrate  teaching  of  classical  scientific  disciplines, 
and  informal  education  raising  the  awareness  in  the  general  public 
of  the  importance  of  oceans  to  our  nation. 

The  management  blueprint  provides  a  mechanism  for  integrating 
the  federal  agencies  and  nonfederal  agencies  to  help  provide  the  de- 
sired level  of  effectiveness  and  cost  efficiency  in  the  execution  of 
federally-funded  ocean  science  and  technology  programs. 

We've  taken  lessons  learned  from  the  excessively  top-heavy  and 
cumbersome  structure  that  caused  the  early  demise  of  the  prior 
councils  of  the  '50s  and  '60s. 

Toda/s  hearing  proves  that  our  proposed  simplistic  three-tiered 
structure  can  work  as  it  has  done  for  the  past  two  years  in  bring- 
ing this  report  to  fruition.  Invoking  the  partnership  principle  of 
high-level  involvement,  there  needs  only  to  be  the  kind  of  oversight 
body  of  the  principal  operational  federal  agencies,  with  ex-officio 
membership  fi'om  the  federal  administration,  academic,  industrial, 
and  other  nonfederal  sectors  that  you  see  here  today. 

So,  basically,  we're  running  a  pilot  program  today  for  what  we've 
recommended  in  our  Oceans  2000  report. 

The  critical  nature  and  high  visibility  required  of  the  partnership 
activities  dictates  continued  involvement  by  this  level  of  represen- 
tation. And  we've  called  this  body,  basically  what  you  see  here 
today,  with  those  other  five  agencies  that  could  not  be  present  be- 
cause of  size  today,  we've  called  this  body  the  National  Ocean 
Leadership  Council.  And  while  informal  in  nature,  we  believe  it 
should  be  a  chartered  organization  by  the  Congress. 

Finally,  Congress  has  a  direct  role  to  play  in  this  effort.  First,  we 
recommend  establishment  of  a  Congressional  Task  Force,  very 
much  like  you've  done  here  today. 

The  nine  federal  agencies  with  ocean-related  missions  and  fund- 
ing needs  operate  under  the  direction  of  more  than  40  authoriza- 
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tion,  oversight  and  appropriation  committees  and  subcommittees  in 
the  House  and  Senate. 

And  I  have  up  on  the  board — you  can't  see  it,  but  I've  provided 
in  your  notes  to  each  of  the  members  here  today  that  these  47  com- 
mittees need  not  fear  the  fact  that  we  come  together  and  talk  in 
broad  terms  about  ocean  science. 

We  beheve  that  they  can  continue  to  carry  out  their  heavy  re- 
sponsibihties  for  individual  agency  funding  and  those  linkages  with 
academia  and  the  private  sector  in  the  normal  fashion. 

But  at  least  once  a  year,  let's  talk  about  broad  national  strategy 
before  the  kinds  of  committees  that  you've  brought  together  here 
today,  Mr.  Chairman. 

A  congressional  task  force  brought  together,  much  as  you  have 
done,  then,  would  provide  a  forum  of  information  exchange  at  least 
once  a  year  for  addressing  broad  strategies  for  more  effective  co- 
ordination of  ocean  science  and  technology  issues.  Task  force  mem- 
bership should  cut  across  many,  if  not  all,  of  the  cognizant  congres- 
sional bodies. 

And  by  the  way,  I  have  talked  to  your  colleagues  in  the  Senate. 
I  think  they^re  ready  to  move  in  a  similar  fashion — both  sides  of 
the  aisle,  bipartisan,  strong  support  for  what  you're  doing  over  here 
in  the  House. 

And  I  think  your  leadership  is  to  be  commended  and  I  believe 
the  Senate  will  follow.  This  will  provide  a  very  powerful  signal,  I 
think,  to  our  country  that  we're  getting  serious  about  the  island  na- 
tion that  we  live  in. 

Individual  agency  programs  and  budgets  would  continue  to  be 
addressed,  as  I  said,  but  under  the  broad  rubric  of  strategic  coordi- 
nation where  appropriate  to  efficient  execution  of  programs. 

To  bring  this  concept  to  fruition,  the  Congress  should  pass  an 
Ocean  Partnership  implementing  legislation.  This  legislation 
should  support  the  continuing  definition,  development  and  imple- 
mentation of  partnerships  in  oceanography  that  can  provide  the 
impetus  needed  at  critical  times. 

Without  such  an  integrated  Congressional  Ocean  Task  Force  ap- 
proach, our  proposed  National  Ocean  Leadership  Council,  that  you 
see  the  embryo  form  of  here  today,  would  have  little  meaning  and 
the  current  fractionated  system  would  be  forced  to  continue  un- 
changed. 

The  United  States  is  looked  up  by  the  world  as  a  leader  in  both 
technology  and  policy  for  the  marine  environment.  And  nearly  30 
years  ago,  this  island  nation  took  a  bold  step  forward  in  redefining 
our  national  investment  in  ocean  sciences  through  the  implementa- 
tion of  the  recommendations  of  the  Stratton  Commission. 

The  time  for  facing  a  broad  set  of  challenges  by  re-examining  our 
nation's  posture  towards  ocean  science  and  technology  is  upon  us. 
I  hope  that  the  hearing  today  will  serve  as  the  first  step  in  this 
process,  and  there  is  a  grand  opportunity  for  us  to  work  together 
and  build  a  better  future  for  the  nation  through  the  oceans. 

The  answers  to  many  of  our  most  pressing  problems  can  be  found 
in  our  greatest  natural  resource,  the  oceans. 

Thaink  you,  Mr.  Chairman. 

[The  prepared  statement  of  Admiral  Watkins  follows:! 
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Admiral  James  D.  Watkins,  U.S.  Navy  (Retired) 

President,  Joint  Oceanographic  Institutions 
and 
President,  Consortium  for  Oceanographic  Research  and  Education 


Admiral  Watkins  became  President  of  the  Joint  Oceanographic  Institutions  (JOI) 
in  September  1993.  JOI  collectively  represents  the  world's  ocean  research  institutions  and 
has  been  at  the  forefront  of  coordinating  the  international  collaborative  research  programs 
in  deep  ocean  sampling  since  1976.  He  also  serves  as  President  of  The  Consortium  for 
Oceanographic  Research  and  Education  (CORE),  a  group  established  on  October  1,  1994 
and  dedicated  to  help  provide  an  effective  and  unified  voice,  at  the  national  level,  in 
support  of  institutions,  public  and  private,  that  make  up  the  U.S.  ocean  science  and 
technology  community. 

Prior  to  his  work  at  JOI  and  CORE,  Admiral  Watkins  served  under  President 
George  Bush  as  the  sixth  Secretary  of  Energy  (1989-1993)  and  as  Chairman  of  the 
Presidential  Commission  on  the  Human  Immunodeficiency  Virus  Epidemic  (1987-1988). 
As  Secretary,  he  helped  to  develop  the  first  comprehensive  National  Energy  Strategy. 

Bom  in  1927,  James  D.  Watkins  graduated  from  the  United  States  Naval  Academy 
(1949),  received  his  Master's  degree  in  mechanical  engineering  (1958),  and  completed  a 
reactor  engineering  course  at  the  Oak  Ridge  National  Laboratory.  He  became  the  twenty- 
second  Chief  of  Naval  Operations  as  selected  by  President  Ronald  Reagan  in  1982.  His 
tours  as  a  flag  officer  included  Chief  of  Naval  Personnel,  Commander  of  the  Sixth  Fieet, 
Vice  Chief  of  Naval  Operations,  and  Commander-in-Chief  of  the  Pacific  Fleet.  He  has 
been  decorated  with  several  Distinguished  Service  and  Legion  of  Merit  medals  as  well  as 
the  Bronze  Star  with  combat  "V." 

Admiral  Watkins  combines  extensive  military  experience,  proven  administrative 
skills,  and  a  vast  knowledge  of  the  ocean  sciences  and  our  educational  system. 
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Chairmen  and  members  of  the  Subcommittees,  on  behalf  of  the  36  member 
institutions  of  Consortium  for  Oceanographic  Research  and  Education  (CORE)  I 
would  like  to  thank  you  for  the  opportunity  to  testify  at  this  important  hearing. 

We've  heard  insightful  testimony  this  morning  from  a  very  distinguished  panel 
of  witnesses.  This  panel  represents  some  of  the  highest  leadership  and  best 
minds  the  scientific  community  has  to  offer.   I  think  that  several  clear  messages 
have  been  presented.    First,  our  Nation's  long-term  investment  in  oceanographic 
science  and  technology  has  paid  enormous  dividends  in  the  past: 

Predicting  El  Nino  events  and  their  devastating  effects  on  regional  climates 
(droughts,  floods,  and  crop  yields)  and  fisheries; 

Maintaining  superiority  in  undersea  surveillance  and  antisubmarine  warfare; 

Providing  the  fundamental  concepts  related  to  the  beginning  of  life  forms  on 
earth,  which  can  in  turn,  lead  to  discoveries  in  such  important  fields  as 
biomedicine; 

Saving  hundreds  of  thousands  of  lives  through  forecasts  of  coastal  hazards 
(including  tsunamis  and  hurricanes); 

Establishing  a  whole  industry  based  upon  commercially  viable  fish  farms  and 
aquaculture  facilities;  and 

Locating  and  building  oil  platforms  to  maximize  production  and  to  survive  the 
extremes  of  the  ocean  environment. 

These  and  other  advances  have  been  major  factors  in  the  winning  of  the  Cold 
War,  the  development  of  billions  of  dollars  in  revenues  for  coastal  communities 
from  tourism  and  marine  industries,  the  savings  of  lives  and  mitigation  of 
tremendous  property  damage  from  accurate  hazard  prediction  and  well-mapped 
shipping  routes. 

We've  heard  from  the  Navy,  the  National  Science  Foundation  and  the  National 
Oceanic  and  Atmospheric  Administration  how  these  factors  affect  the  roles  and 
missions  of  their  agencies.  We've  heard  from  experts  discussing  relationships  of 
the  government  with  industry  and  academia.   We  would  have  liked  for  the 
other  agencies  who  have  a  significant  role  in  oceanographic  science  and 
technology  to  have  been  here  today.   Unfortunately,  time  constraints  prohibited 
the  Environmental  Protection  Agency,  the  National  Aeronautics  and  Space 
Administration,  the  Minerals  Management  Service  and  the  US  Geological 


Survey  from  joining  us  here  at  this  table.   I  took  the  liberty  of  consulting  with 
the  leaders  of  these  agencies  about  today's  hearing  and  asked  them  provide  me 
statements  of  their  agency's  role  in  ocean  science  and  technology  to  be  presented 
before  the  committee.   I  have  attached  each  of  these  statements  to  my  testimony. 

We  have  also  heard  today  that  changes  in  the  way  we  utilize  and  value  our 
oceans  and  coastal  areas  are  now  driving  the  potential  for  many  new  applications 
of  ocean  science  and  technology  and  placing  many  new  demands  on  the  Nation's 
investment  in  these  areas.    Changes  in  world  geopolitical  structure,  movement 
of  population  within  our  own  borders  to  the  coasts,  and  the  increasing  reliance 
on  the  seas  for  food  and  other  material  goods  are  leading  to  new  economic 
sectors,  the  need  for  new  technological  capabilities  and  educational 
methodologies  and  increasing  concern  about  the  impact  of  man's  activities  on 
the  marine  environment. 

These  changes  have  taken  place  during  an  era  of  level  funding  of  the  basic 
oceanographic  research.   As  shown  in  the  attached  graph,  Federal  funding  for 
basic  ocean  research  has  remained  constant  for  the  past  12  years  ($525  million  in 
constant  FY1995  dollars),  even  as  the  total  investment  in  basic  research  in  the  US 
has  doubled.  As  a  result,  ocean  sciences  now  represent  less  than  4%  of  the  total 
Federal  basic  research  budget,  down  from  7%  in  FY  1982. 

But  where  do  we  go  from  here?  The  7%  investment  of  ten  years  ago  gave  us 
outstanding  products.  The  decline  of  this  level  by  one-half  is  simply  not 
adequate  to  support  the  needed  high  quality  scientific  research  "waiting  in  the 
wings"  especially  in  light  of  the  ever  broadening  scope  of  applications  for  ocean 
research.  Clearly  a  stronger  investment  is  needed  for  the  broader  set  of 
challenges  before  us  in  the  next  millennium. 

As  Dr.  Alberts  has  teshfied,  in  1992  the  Ocean  Studies  Board  of  the  National 
Research  Council  (NRC),  recognizing  the  need  to  revisit  the  status,  roles  and 
plans  of  the  oceanographic  community,  convened  several  meetings  and 
prepared  their  assessment.   Their  report,  entitled  "Oceanogrzphy  in  the  Next 
Decade:  Building  Nev/  Partnerships,"  has  been  a  watershed  event  in  the  direction 
of  this  community.  The  objectives  of  the  study  were  to  "document  and  discuss 
important  trends  in  the  human,  physical  and  fiscal  resources  available  to 
oceanographers,   ...  to  present  the  best  assessment  of  scientific  opportunities 
during  the  coming  decade,  .  .  .  and  to  provide  a  blueprint  for  more  productive 
partnerships"  (NRC,  1992). 

The  report  of  the  National  Research  Coioncil  was  particularly  timely  in  that  it 
dealt  with  the  redefinition  of  the  oceanographic  commimity  in  the  context  of 
society's  changing  needs.   In  opening  remarks  launching  the  National  Research 
Council's  report  its  Chairman,  Dr.  Frank  Press,  cited  the  marked  changes  taking 
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place  in  this  post-cold  war  period  that  seem  to  cry  for  new  approaches  to 
partnerships  in  the  oceanographic  scientific  community.   In  fact,  as  he  pointed 
out,  "concerns  about  the  ocean  as  a  medium  for  warfare  as  a  threat  to  national 
security  are  decreasing  while  environmental  problems  of  the  coastal  zone  and 
understanding  how  the  ocean  controls  climate  are  of  increasing  importance." 
Further,  he  states  that  while  "major  advances  in  understanding  the  ocean  in  the 
development  of  technologies  for  observing  it  have  set  the  stage  for  much  greater 
research  achievements,"  this  comes  at  a  time  when  "resources  necessary  to 
obtain  this  understanding  are  increasingly  scarce."   Hence,  the  Ocean  Studies 
Board  thought  it  important  to  undertake  the  study  of  where  marine  science 
found  itself  today  and  where  it  needed  to  head  tomorrow. 

The  NRC  report  established  a  broad  "framework  in  which  improved 
partnerships  .  .  .  can  sustain  the  advances  of  the  past,  and  lead  our  country  and 
the  world  to  greater  understanding  of  the  many  roles  the  ocean  play  in  human 
life."   That  report  and  continuing  activities  of  the  NRC  have  served  to  define,  in 
a  well  reviewed  mamner,  what  science  should  be  done  in  the  ocean.  And  Dr. 
Alberts'  testimony  has  re-affirmed  that.  My  discussion  focusses  on  how  to 
accomplish  these  science  objectives. 

Partnerships  have  been  deemed  a  particularly  useful  mechanism  in 
oceanography  as  the  issues  being  addressed  are  generally  large  in  scale  (in  terms 
of  geography,  complexity,  or  time  and  resources  required)  and  partnerships  are  a 
very  effective  means  to  overcome  those  hurdles  unique  to  ocean  science 
including  security  concerns,  distributed  ownership  of  resources,  complicafions  in 
communicatioris  within  the  community  and  a  severe  lack  of  public  awareness  of 
the  importance  of  the  oceans  to  society.   Addihonally,  partnerships  have  proven 
effective  as  evident  from  the  successes  cited  earlier  in  this  testimony.   For  these 
reasons,  we  are  compelled  to  study  past  successes  (and  failures)  and  apply  any 
lessons  learned  to  future  efforts. 

Therefore,  it  is  in  the  foregoing  context  that,  with  the  support  of  NSF,  NASA, 
ONR,  ARPA  and  DOE  and  with  oversight  and  review  by  a  high-level 
Coordinating  Group  of  community  leaders,  over  100  scientists  and  other  experts 
from  the  ocean  science  and  technology  community,  (represented  by  Federal 
agencies,  academia,  and  industry),  were  brought  together  in  the  CORE 
Interagency  Partnership  Initiative  to  establish  a  new  and  reinvigorated 
partnership  concept.  The  idea  was  to  lay  the  groundwork  for  carrying  out  the 
many  challenges  outlined  within  the  NRC  report  where  integration  of  more 
than  one  of  these  participating  communities  can  add  value  to  all  connected 
partners  and  increase  mission  effectiveness  and  efficiency. 


Four  broad  themes  deemed  highly  relevant  to  society's  needs  and  therefore  our 
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national  interests,  were  used  as  a  defining  structure  for  this  effort.   The  themes 
were: 

1.  National  Security   -  Ensuring  that  national  interests  are  guaranteed 
at  honie  and  abroad  and  that  basic  and  applied  ocean  science 
remains  an  essential  element  of  this  assurance.   Tnis  category  is 
meant  to  include  issues  associated  with  preservation  of  our 
national  interests,  via  military  defense,  and  foreign  policy  support. 

2.  Economic  Development  -  Use  of  the  basic  and  applied  knowledge 
of  the  ocean  and  its  resources  for  economic  gain,  including 
attention  to  marine  resources,  transportation,  recreation,  and 
development,  and  related  industries. 

3.  Quality  of  Life  -  Health  and  social  well-being  of  people  as  derived 
from  using  basic  and  applied  knowledge  of  the  ocean.  Subject 
material  includes  the  topics  of  preservation/improvement/ 
stewardship  of  the  environment  (pollution  prevention,  cleanup 
and  remediation),  shoreline  protection,  coastal  hazard  mitigation 
and  recreation. 

4.  Communication /Education   -  Conveying  an  understanding  of  the 
importance  of  oceans  to  national  decision  making,  to  the  public  at 
large,  and  to  decision  makers  and  educators  at  every  level  using 
basic  and  applied  knowledge  of  the  oceans,  to  include  the 
exploitation  of  state  of  the  art  electronic  networking  and  computer 
based  simulations/demonstrations. 

The  results  of  this  exercise  are  publicly  introduced  at  this  hearing  in  the  report 
"Oceans  2000:  Bridging  the  Millennia  -  Partnerships  for  Stakeholders  in  the  Oceans." 
The  report  identifies  a  broad  realm  of  research  opportionities  defined  by  the  diversity 
of  issues  embedded  in  the  subjects  of  quality  of  life,  economic  development, 
education/communicahon  and  national  security,   it  is  quite  noteworthy  that  for  the 
purposes  of  defining  partnerships,  several  consistent  themes  emerged  which  are 
discussed  in  the  report.  The  pervasive  nature  of  these  themes  lends  strong 
credibility  to  the  partnership  approach;  there  is  an  implication  that  a  partnership 
developed  to  address  a  problem  in  one  area  will  provide  collateral  benefits  to  other 
applications. 
Finally,  the  report  identifies  a  set  of  hurdles  to  the  establishment  of  an  effective  and 
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efficient  integrated  national  ocean  science  eind  technology  strategy  and  recommends 
specific  actions  to  accelerate  and  improve  the  applicability  of  ocean  research  to 
national  interests. 

To  this  end  the  following  three  recommendations  are  made: 

New  Partnership  Opportunities  -  The  Operators 

Definition  of  specific  research  and  education  opportunities  for 
partnerships  between  and  among  academia,  industry  and  the  Federal 
government:   These  partnerships  should  adhere  to  the  principles  cited 
in  the  report,  and  should  foaas  on  optimizing  the  use  of  data,  resources 
and  educational/communication  tools.    The  partnerships  should 
include  potential  involvement  by  all  sectors  of  research  and  education. 
Specific  partnership  areas  were  defined  including:  data  collection, 
declassification,  and  quality  control;  sharing  of  community  resources 
including  people,  laboratories,  research  platforms  and  computing 
capabilities;  and  partnerships  in  formal  (classroom)  education,  using 
the  oceans  to  integrate  teaching  of  classical  scientific  disciplines,  and 
infonnal  education  raising  the  awareness  in  the  general  public  of  the 
importance  of  the  oceans  to  our  Nation. 

Management  Blueprint  -  The  Executive  Branch 

Integration  at  the  Federal  agency  and  non-Federal  agency  levels: 
Develop  and  implement  an  integrated  Federal  agency  to  non-Federal 
agency  partnership  management  plan  to  help  provide  the  desired  level 
of  effectiveness  and  cost  efficiencies  in  the  execution  of 
federally-funded  ocean  science  and  technology  programs.   Invoking  the 
partnership  principle  of  'high-level  involvem.ent',  there  must  be  a 
long-standing  oversight  committee  of  the  principal  operational  Federal 
agencies,  with  ex-officio  membership  from  the  Federal  Administration, 
academic  (including  the  National  Academies),  industrial  and  other 
non-Federal  sectors.  The  critical  nature  and  high  visibility  required  of 
the  partnership  activities  dictates  continued  involvement  by  the 
highest  level  representatives  of  the  agencies.  This  National  Ocean 
Leadership  Council  (NOLC)  should  be  a  chartered  orgaiuzation  under 
legislation  defined  below. 
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Congressional  Involvement  -  The  Legislators 

(1)  Involvement  of  Federal  legislators:   Federal  agencies  operate  under 
the  direction  of  more  than  forty  authorization,  oversight  and 
appropriation  Committees  and  Subcommittees  of  the  House  of 
Representatives  and  Senate.   In  light  of  the  breadth  of  national 
missions  driving  ocean  sciences,  a  strategic  focus  for  broad 
Congressional  interests  is  urgently  needed.  A  Congressional  task  force 
would  provide  a  forum  of  information  exchange  for  addressing  broad 
strategies  for  more  effective  coordination  of  ocean  science  and 
techjiology  issues.   It  will  also  provide  an  opportunity  for  members  of 
Congress  to  understand  the  oceans  impact  on  the  many  business  and 
social  sectors  that  are  associated  with  national  defense,  economic 
growth,  and  quality  of  life.  Task  force  membership  should  cut  across 
many  if  not  all  of  the  cognizant  Congressional  bodies.   Individual 
agency  programs  aiid  budgets  would  continue  to  be  addressed  as  they 
are  today,  but  under  the  broad  rubric  of  strategic  coordination  where 
appropriate  to  efficient  execution  of  programs. 

(2)  Ocean  Partnership  Legislation:  The  oceanographic  community  is  not 
limited  in  its  ideas  for  implementation  of  new  partnerships.   The  visibility 
required  to  launch  this  partnership  initiative  can  be  accorrunodated 
through  the  development  of  a  Congressional  ocean  task  force.   Backing 
must  come  in  the  form  of  substantive  support,  arguably  in  the  form  of 
supporting  legislation.    Legislation  supporting  the  definition, 
development  and  implementation  of  partnerships  in  oceanography  will 
provide  the  impetus  needed  at  a  critical  time.   Without  svich  an  integrated 
Congressional  task  force  approach,  the  proposed  National  Ocean 
Leadership  Council  would  have  little  meaning  and  the  current 
fractionated  system  would  be  forced  to  continue  on  its  less  than  cost- 
effective  path. 

The  United  States  is  looked  upon  by  the  world  as  a  leader  in  both  technology  and 
policy  for  the  marine  environment.   Nearly  thirty  years  ago  this  nation  took  a  bold 
step  forward  in  redefining  our  national  investment  in  ocean  sciences,  through  the 
implementation  of  the  recommendations  of  the  Stratton  Commission.    The  time 
for  the  reexamination  of  our  Nation's  posture  towards  ocean  science  and  technology 
is  upon  us.  I  hope  that  the  hearing  today  will  serve  as  the  first  step  in  this  process. 
There  is  a  grand  opportunity  for  us  to  work  together  and  build  a  better  future  for  our 
Nation.   Tne  answers  to  many  of  our  most  pressing  problems  can  be  found  in  our 
greatest  natural  resource,  the  oceans. 
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AGENaES  INVOLVED  IN  SUPPORT  OF  ACADEMIC  OCEAN  SCIENCES 
RESEARCH  COMMUNITY 


(Source  is  the  Ocean  Studies  Board  of  the  Naiional  Research  Council) 


AGENCY 

MISSION  WHICH  IS  bUi'l'OKlhL)  BV 
OCEAN  SCIE>JCES  RESEARCH 

SMTOAC^LDE^flC 
OCEAN  SCIENCES 
RESEARCH  m  Fi<^5 

APPROXIMATE 

NUMBER  OF 
SCIENTISTS 
SUPPOKTcU 

NSf 

Basic  research  in  all  disdpUnes 

19337  [ZT/.) 

1500 

ONH 

National  security 

103.21  (20%) 

800 

NOAA 

Fisheries,  weather,  coastal  zone 
management,  na'/igation 

79.30  (15%) 

600 

EPA 

Pollutant  djTiamics,  environmental 
protection,  envirorunentai  monitoring 

41.00  (8%) 

300 

NASA 

Ground  truthmg  for  satellite  observations 
of  sea'  surface;  large  scale  oceanographic 
observations 

38.90  (T-fo) 

300 

uses 

Coastal  erosion  and  hazard  mitigatior, 
mapping,  hard  mineral  resources 

36.49  [T/o) 

250 

iVCvIS 

Exploration  and  development  of  oil  and 
gas  resources  on  outer  continental  shelf 

13.40  (3%) 

100 

DOE 

CO;  budget,  energy  sovirces  and  teansport 

1130  (2%) 

85 

ARPA 

Advanced  technology  demos,  industry 
coordination 

7.00  (1%) 

50 

USACoE 

Ports  and  harbor  management,  dredgir.g 

negligible 

negligible 

USCG 

Coastal  search  and  rescue,  law 
enforcement 

negligible 

negligible 

QcaanographET 
of  She  Navy 

Operational  navy  -  systematic 
characterization  and  forecasts  of 
environmental  conditions 

negligible 

negligible 

CL\ 

Access/exploitation  of  declassified  data 

negligible 

negligible 

TOTALS 

$524a7M 

2100  (sse  note) 

J 

Note:  The  total  auisiber  of  scientisis  does  oot  equal  die  sum  of  the  numbers  ml  the  colvmin,  since  most  scientists 
receive  funding  ficom  multiple  agencies 

Table  1 


134 


2 

O 

Si    ^- 

D 


< 

Z 

o 

I— < 

CD 

(/) 

■J 

u 

O 

u 

u 
z 

w 

u 

z 
< 

u 
O 


^^ 

Ul 

U 

4) 

(A 

> 

E 

E 

KS 

o 

S 

V 

«3 

b. 

0 

,C^ 

u 

f^ 

C^ 

(n 

Vh- 

V 

O 

4j 

« 

^ 

E 

o 

E 

X 

o 

U 

a 

f-i 

uj        at  c 

^  S I  <     -s 


S  c 


«    >^  3  _ 


>— .    y    1)     j- 

Q  -^  =  > 


(A  ^ 


r.      2 


— ^  <u 

E 
cl 

o 


<  re 

<  CL 


H     ^ 


'11 

I     (A 

;  'Z  so 


?  Q 


m  < 
--< 

«  ^-^ 

in  1)  ^. 

t(  —  s; 

3  -C  'u 

2|  £ 

CL_  <0 

50     li      C  = 

^  C-    re  3 

I  -c  -3^  = 

^  c  u  .2 


re     Q 
.5P   Q 


fii  S 


-r<     u 


-C        3     ? 


t:  if    -r  > 


o  — 
5^ 


re      <    C 


5    ^s   ^ 


2  .^    r  w 


en  •= 


B^Sicg^Sici^E 


E< 


E 

E 

3        O 

ca    u 


'rh    .=  n  n      ^  ^     ^ 


01         ^^ 


r-i        c   aT 


•=  £ 

2  o 

< 


<  0)  -^  c 

6  ^  "^  re 

CJ  w  ^ 

■J;  4)  4)  J- 

01  c  -  < 

D  M  £  > 


< 
< 

O 
2 

o" 

2< 

,0. 

IT  .2 

si  33 
y  E-^ 

C    C   •- 


60- 

ei  3 


9J   .5 

y  '- 

3^ 
X  ,2    re 

.SP_  « 

«!    —    .- 

c  S  c 

«   o  — 


2 

v)  O 

32 


tn 

X 

s 

C 
re 

3 

S 

O 

o 

^ 

T3 

S^£?'       ^ 


SS 


U     re       r«     >%  ^      (U 


-      «   in  13 


z  S  «  <i' 

c  c  **  > 

EcSxO 

o 

U 


S-  -  „- 

S"   re   re  S  E 

S  2  2  -2  2 

o  re 

O  2 


c  5  -c 

3    c    <" 

2  M  u, 


<  ^ 

r2 

c  "-^ 

V    CO 


>     O       ^-»      "^     4* 


3  o 


•t  cS  3! 

re  -n 
S    C  T3 
S    <8    C 

es  >, « 

S  ■«  i   5 
e  re  c  a. 

;  CQ  CD  CAl 


Q 
O 

"— '      .—     flj 


135 


^k     \  UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 


ISE, 


y 

•^-t  ^o^^"- 


WASHINGTON,  DC.  20460 


JAN  I  I    1996 

OFFICE  OF 
RESEARCH  AND  DEVELOPMENT 

ADM  James  D.  Watkins,  USN  (Ret.) 

President,  Consortium  for  Oceanographic 

Research  and  Education 

Suite  800 

1755  Massachusetts  Avenue,  N.W. 

Washington,  D.C  2003S-2102 

Dear  Admiral  Watkins : 

Thank  you  for  your  kind  offer  to  present  at  the  hearing  of 
the  House  of  Representatives  National  Security,  Resources,  and 
Science  Committees  the  contribution  EPA  is  making  to  the  science 
of  oceanography.   Clearly,  the  organizers  of  this  hearing  have 
chosen  wisely  by  inviting  you  as  President  of  CORE  to  speak  on 
behalf  of  agencies  like  EPA  which  a  striving  to  advance  ocean 
sciences.   I  am  pleased  to  offer  the  following  summary  of  the  EPA 
contribution  to  this  crucial  area  of  science. 

The  EPA  Office  of  Research  and  Development  has  created  a 
strategic  planning  process  that  will  focus  our  contribution  to 
science  on  the  greatest  technical  uncertainties  in  environmental 
risk  assessments.   Using  the  risk  assessment  paradigm  as  a  basis 
for  techriically-defensible  environmental  decisions,  I  have 
established  support  for  ocean  sciences,  in  part,  through  a  new 
$100  million  extramural,  investigator- initiated  grant  program  for 
our  colleagues  in  the  academic  community  and  through  an 
intramural  research  program  that  includes  three  marine 
laboratories  as  part  of  the  EPA  National  Health  and  Environmental 
Effects  Research  Laboratory.   Our  efforts  in  ocean  science  seek 
to  understand  the  factors  that  control  the  biointegrity  and 
sustainability  of  critical  marine  resources.   EPA  is  developing 
models  of  the  effects  of  urban  centers  on  coastal  benthic 
communities,  primary  production,  and  commercial  fisheries.   EPA 
is  spearheading  research  on  the  effect  of  toxic  chemicals  such  as 
endocrine  disrupters  on  the  health  of  marine  fish,  mammal  and 
wildlife  communities.   In  addition,  EPA  is  establishing  research 
program  to  understand  the  influence  of  pollution  stress  on  the 
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outbreaks  of  disease  in  corals  and  other  critical  marine 
ecosystems. 

Please  do  not  hesitate  to  call  me  at  260-7676  if  you  wish 
additional  information  for  the  above  outline  of  our  ocean  science 
program.   Thank  you  again  for  representing  the  research  of  EPA  at 
Che  these  important  hearings . 


Sincerely, 

Rober^r^jK  ^x^ett 
Assistant   Administrator 


137 


United  States  Department  of  the  Interior 

MINERALS  MANAGEMENT  SERVICE 

Wuhington.  DC  20240 

OCT  2  4  1995 


Admiral  James  D.  Watkins,  USN  (Ret.) 
President,  Consortium  for  Oceanographic 

Research  and  Education 
1755  Massachusetts  Avenue,  NW 
Suite  800 
Washington,  DC   20036 

Dear  Admiral  Walkins: 

Thank  you  for  inviting  the  Minerals  Management  Service  to  provide  information  on  our 
contributions  to  ocean  science  research.    We  are  quite  proud  of  the  accomplishments  of  the 
MMS  Environmental  Studies  Program  over  the  years  and  are   pleased  to  provide  you  with 
this  brief  description  of  the  program. 

One  of  the  primary  responsibilities  of  the  MMS,  as  specified  in  the  Outer  Contmental  Shelf 
Lands  .Act  Amendments  of  1978,  is  to  oversee  the  safe  and  environmentally  sound 
exploration,  development,  and  production  of  offshore  natural  gas,  o'l,  and  other  mineral 
resources  on  the  Nation's  Outer  Continental  Shelf  (OCS)..    Since  !9'^4.   MMS  has  conducted 
research  in  the  ocean  sciences  to  identify  and  evaluate  potential  environmental  problems 
associated  with  offshore  activities  and  to  monitor  the  effects  of  those  activities  on  the 
environment. 

Over  the  last  decade,  MMS  has  made  a  conscious  effort  to  develop  partnerships  with  the 
academic  research  community  to  address  our  needs  for  high  qualify  scientific  information. 
We  are  particularly  proud  of  the  MMS  Coastal  Marine  Institute  imtiative  which  has 
established  partnerships  through  the  States  of  Louisiana,  California,  and  Alaska  to  support 
important  research  in  the  st.ate  universities.     In  recognition  of  the  mutual  benefits  derived 
through  CMI  research,  the  participating  States  share  the  costs  on  an  equal  basis  with  MMS. 
These  university  cooperative  efforts  educate  and  train  young  scientists  and  utilize  the 
expertise  of  senior  scientists  to  improve  our  knowledge  of  fundamental  ecological  processes 
and  develop  workable  solutions  to  environmental  problems.    Pioneering  research  in  the  use  of 
marine  organisms  as  bioindicators  of  environmental  conditions,  biodegradation  of  petroleum 
hydrocarbons,  and  bioremediation  for  oil  spill  cleanup  are  some  of  the  topics  studied  through 
partnership  at  the  CMIs. 

In  addition  to  leveraged  agreements,  MMS  has  numerous  other  cooperative  agreements  with 
State  institutions.    For  example,  Scripps  Instimte  of  Oceanography  is  conducting  a  m_ajor 
multi-year  study  of  physical  oceanography  in  the  coastal  ocean  off  southern  California.   This 
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Admiral  James  Watkins 


and  several  other  physical  oceanographic  efforts  have  been  designed  to  maximize  partnerships 
with  programs  in  other  agencies  such  as  NOAA.  ONR,  NSF  and  DOE.     Much  of  the  MMS 
ocean  science  program  has  involved  developing  a  better  understanding  of  marine  ecosystems 
and  marine  environmental  monitoring.   Some  of  these  efforts  are  now  conducted  for  MMS 
through  a  partoership  with  the  NBS. 

In  summary,  the  MTvIS  has  many  active  partnerships  and  looks  forward  to  new  opportimities 
for  partoership  to  meet  the  many  demands  for  scientific  information  to  support  the  OCS 
Program.   The  costs  of  oceanographic  research  are  great,  and  with  ever-increasing  scrutiny  of 
federal  budgets,  it  becomes  more  important  than  ever  to  seek  out  cooperative  ventures. 

Please  contact  Dr.  Ken  Turgeon,  Chief,  Environmental  Studies  Branch,  at  (703)  787-1717  if 
you  would  like  clarification  or  additional  information  on  the  environmental  studies  program 
and  our  research  partnerships  with  State  and  local  governments,  academia  and  other  Federal 
agencies. 

Sincerely, 


j-OJ-H 


?}lKa^iQjcuu.-^ 


CynthialQuarterman 
Director 
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United  States  Department  of  the  Interior 

U.S.  GEOLOGICAL  SURVEY 

Raton,  Virginia  22092 

In  Reply  Refer  To: 

"""  "■""'=  OCT  3  11995 


Admiral  Janes  0.  Watkins,  USN  (Retired) 

1755  Massachusetts  Avenue,  NU 

Suite  800 

Washington,  D.C.  20036-2102 

Dear  Adij 

In  response  to  your  memorandum  of  October  11,  1995,  enclosed  is  a  brief 
description  of  recent  U.S.  Geological  Survey  (USGS)  activities  in  the  ocean 
sciences. 

We  appreciate  your  taking  the  opportunity  to  include  the  USGS  contributions  to 
ocean  sciences  in  your  testimony  and  share  your  excitement  that  a  call  for 
such  a  hearing  may  lead  to  increased  emphasis  on  the  ocean  sciences. 

If  we  can  be  of  further  assistance,  please  let  us  know. 

Sincerely  yours, 


/U 


^ 


Gordon  P.  Eaton 
Director 


Enclosure 
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U.S.  Geological  Survey 
Role  in  Ocean  Sciences 

As  the  Nation's  earth  science  information  agency,  the  U.S.  Geological  Survey's 
(USGS)  role  in  ocean  sciences  is  to  provide  geologic  information  and  expertise 
pertaining  to  the  Nation's  coastal  and  offshore  lands.  The  U.S.  coastal  ocean 
is  critical  to  the  economic  well  being  of  the  Nation.  These  areas  are  used 
for  transportation,  recreation,  and  waste  disposal;  provide  energy  and 
non-metallic  mineral  resources  for  the  Nation;  and  provide  habitat  for  most  of 
the  commercial  fisheries  resources.   In  addition,  natural  hazards,  such  as 
coastal  erosion,  earthquakes,  landslides,  and  major  storms,  pose  potential 
threats  to  people,  property,  and  the  environment  in  coastal  areas.  A  large 
and  growing  population  along  our  coastlines  is  placing  increasing  stress  on 
the  coastal  ocean  environment.  The  impact  of  both  human  activities  and 
natural  processes  must  be  documented  and  assessed  in  order  to  develop  workable 
management  strategies  for  the  Nation's  coastal  realms  and  marine  Federal 
lands.  USGS  research  and  mapping  activities  in  the  marine  realm  are  conducted 
under  four  themes:  Environmental  Quality,  Natural  Hazards,  Natural  Resources, 
and  Information  and  Technology.  Environmental  research  addresses  the  geologic 
issues  which  influence  the  long-term  quality  and  preservation  of  marine 
environments.  Specific  issues  addressed  include:  pollution  and  waste 
disposal,  fragile  environments,  including  coastal  wetlands,  marine  reserves 
and  biologic  habitats,  and  geologic  records  of  environmental  change,  including 
past  climates.  Natural  hazards  research  is  conducted  to  better  understand  the 
frequency  and  distribution  of  catastrophic  events  and  the  geologic  processes 
acting  in  the  affected  coastal  regions.  Specific  issues  addressed  include: 
coastal  erosion  and  offshore  earthquakes  and  landslides.  Natural  resources 
research  aims  at  providing  an  understanding  of  the  distribution  of  mineral  and 
energy  resources  in  our  marine  and  coastal  realms  and  of  the  processes  that 
control  their  composition,  origin,  and  availability.  Information  and 
technology  activities  provide  reconnaissance  sea-floor  mapping  of  the 
U.S.  Exclusive  Economic  Zone  as  well  as  information  management  and 
dissemination  services.  Through  a  series  of  regional  and  fundamental  studies 
conducted  in  partnership  with  other  Federal  and  State  agencies  and  academic 
institutions,  USGS  develops  a  description  and  understanding  of  marine  and 
coastal  geologic  systems  to  address  issues  of  societal  importance. 
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National  A«ronautic8  and 
ScacaAdminiatration 

Oflica  of  ttM  AdniMitrator 

Washington,  DC  20&4«-QOQ-| 


AA&lral  Jisna  o.  Watkiaa,  USK  <tat.) 

Pr«ald«at 

CoaaortiuB  for  ooaanofraphlo 

R«*««zeh  and  Cdaeation 
1735  Maaaaehuaotta  Avanua,  tm 
Vaahiagton,  DC  20036°2102 

oaax  Admlsal  Watk^na: 

TfiaoX  you  vary  much  tut   Ch«  oppostvtalty  to  iAOlude  infomation  en 
MASA'a  sola  in  oeaca  aolane«a  in  your  atataaaat  at  th«  upcoming 
Trl-Caanitt««  iteadn^  oa  Advaneing  0o««ne9saphy  through  Partnasshipa. 
A  ausBiBxy  daaeription  of  NASA' a  ooaan  progcaiu  is  ancioaad. 

NASA  ia  vary  pleaaad  to  aay  that  ««#  together  with  our  national  and 
inftacnatiOAAl  p«rtn«T«.  az«  in  t^a  final  ataga  of  oonpleting  a  8«t  of 
dadioatad  miaaiona  that  demonatsata  our  ability  to  observe  the  global 
oeean.  Zsdaad,  MASA'a  ooeans  misaiona  are  an  esaential  part  o£  NASA's 
Mlsaion  To  Planet  Earth  program,  a  apace-based  global  observation  system 
supporting  the  U.S.  Global  Change  Reaaarch  Program,  the  coordinated  U.S. 
intaraganoy  program  daaigned  to  provide  the  scientific  baaia  for 
understanding  global  change. 

Ne  appreciate  your  hard  work  and  enthusiasn  in  building  partnarships 
in  oceanography  and  look  torward  to  continuing  to  «orlc  with  you  on  oeaan 
acianca  isauaa. 

Sincerely, 


Daniel  S.  Goldin 
Administrator 

Bncloaura 
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NA.S  A't  O^n  ft«nr«^  <!#««iiif  Ptmpun 

TlK  iSyninics  of  the  ocsu  are  importnt  in  the  ««oIatii»  (/ the  Etnfa'a  diinaie  sad  key  to  provi^^ 
iflfbnnatim  10  inu  of  lB»tt&  iiBsith  ind  weltee  ojch  u  waather,  riiippinf .  fii^^ 
d]acharss,andiMWv«lHM.  Haw«ver.  (kta  and  Inibniiation  coOsctioB  tan  the  oceant  U  patticulviy 
difCcok  d»  to  the  vaataesi  of  tbe  (xeau  u  wdl  at  the  gmenl  iaaoceaiMity  of  mny  pan  of  the  ocean. 
NASA,  tfanugh  tha  oiUqiM  vantafa  point  of  «»ce.  naa  atalUtBa  0  provide  daa  OD  «  gjofad  Kale  that 
wonid  be  inpoailbla  to  otain  odunviaek 

ta  1983,  NASA  wu  ciuUeoeed  to  develop  an  oceanognphy  aom  spKepragom  in  ibepoblicaiioa: 

fV*.twv>ni|*>  fWvn  Sfyj;    A  B«t«B«ch  Stuttirv  fpr  rt.>  ^fT^  "?F^-"?91  ^^'^'^      NASA  .  tOgettlBr  with 

Mtiood  aid  IniBiBatknil  pMiMn,  is  in  the  Siud  sage  Of  compteiinf  1  n  of  dsdica^ 
danooBinieouribility  to  obaerw  the  global  ocean.  NASA  has  been  very  Bicc«u&l  in  achieving  diii 
|oaL  lnaddiiiaa,NASAba>«iaopliy«laiceyto]eia4Bvebi|)lnsal«QdihnuaiKiGd)eri9Me-baa«d 
ooeaoogiaphic  dia  leta  thioiigh  pstMBihlpB  with  odier  i|eociea  aid  odMr  oouaoiaa. 

NASA'<  ocean  ainiODi  are  in  eaaendai  part  of  NASA's  Mittioo  To  Planet  Earth  (MlTS),  a  yacfrbaiwd 
^fital  obaervatioai  lyiam  aqipaniiit  ilw  VS.  Ckbti.  Chaagt  lUaureh  IVogrun  (USOCRF).  the 
coordinaadUJ.  ^ueragency  pragnn  derigaed  to  pravtdB  the  eieotific  basia  for  ondenandiBg  giobal 
Changs,  ins  ceaosquce  of  NASA'i  MTPS  progran  u  ih«  *S«rth  Obaerving  Sycem"  (^DS)  which  it  a 
leriea  of  oMiat,  to  be  laioched  in  1998,  developed  iiar  long-term  glchd  ohaer^ioos  of  the  la^ 
bkapheie,  loiid  EacA,  atmoaphoia,  aad  oceani. 

NASA's  oc«en  nuadoo*  aod  acdvidet  addreas  a  ceasal  goal  of  uiing  spacfr-baaed  leiaotely  leoaed  dia  to 
aiablish  the  ^otal  ocean'i  phyiicj^  sad  bidogiGal  natural  vsiability  on  aeaxmai  to  decadal  to  cwiamlai 
tbae  leaks,  to  cmsnitor  ih£  ceaan  environnea  for  changea  ind  titndi.  asd  to  provkto  dttt  and  mfotmatkn 
on  a  tlmaly  bni  to  adendatt,  ded^-maken,  aid  the  nany  other  uaert  of  our  dan. 

The  primary  miiaiOQS  designed  by  NASA  and  ia  pansen  to  obaerve  the  oemni  are  comprised  at  aov«nl 
difSmmkifldi  of  aeoaori  which  rneasin  an  importaitfiet  of  ocean  scwKavaiiablea.  Theeeare 
TOPEX/POSEIDON,  NSCAT,  SeaWlFS.  MODIS  (oo  BOS)  and  a  unique  calibndce/vtlldatioa 
BXpednKnt  called  Sn^OS  which  will  cdkc!  aid  fiwrge  the  diverie  daa  fiore  seven  overlq^^ 
llttcnational  millions  to  create  I  coRunoo  dan  nraun.  lDaddldon,aauinb«rofothKmiatliQruaie&lrBady 
providlnf  otical  dia  and  infbnnatioo  on  oceat-itdued  proceaes  tach  u  MB-lce  pi^^ 
fiSMR.  SMMR,  SSMl,  ERS  and  lUdarMt).  k»  sheet  maia  balance  and  fw-level  change  (ALT.  OLAS. 
SAR«  etc.),  and  other  ocean,  ice,  etnosphereexchangsa.  Tbesespace-baaedobasivaiiQUwilluliinueiybe 
ooneiiad  and  combined  wUh  compkoienory  g^aadAtaaed  and  iiusim  data  and  infismadoe  ooHaaed  by 
odier  agenciea  asd  councies  to  creaa  the  moa  cantpieK  sdemific  picture  poaibie  uiider  the  USGGiP  and 
other  loiKnMiiaaai  |Iobei  checge  racactcb  ^ognnu. 

TOPBX^POSEIDCN,  oon  of  NASA's  most  nicceuftil  &nh  Kieace  misilcns,  is  die  fintt  space  mission 
apodftaJlydeaignedtiKicondbaed  for  studying  gacirealadon  of  the  worid's  oceans,  'nieauaicnlsa 
jeim  aCta  b«wMa  NASA  and  dtt  Ptexh  «ac8  cgeary  (CNSS)  10  obacrve  i^obal  ocean  dreulition  for  3 
ycvsufiagan  Eaith-crbiiing  laaUia.  A  sat>of-<he<4rt  reda  litimeffy  system  u  being  used  to  measure 
tha  pradae  height  at  tea  level  fixsm  which  infotmatian  on  the  oeasi  dimlkioa  is  otoJned.  The  aaOia. 
lauicbed  on  Attgnit  19, 1992,  has  been  iiakisgobKrvatkxa  of  the  gk^eloczwuviihuiiprecedcniQd 
aaeuracy  cnce  !ue  Stfiraabet  19^  The  nuinideces  goal  of  da  ouasion  is  tc  Improve  she  knowledge  of 
the  gloiai  ocean  circua^on  to  an  exieu  tha  will  alSicnoEely  lesii  ts  iinprov«d  undsntaadins  of  tb«  oeeeos' 
fole  in  global  dinaa  change.  Oiher  ipplicstkvu  inshide  gkibal  aaa-kvei  rise,  oceae  ddes.  geodeay  aid 
gecdynamics,  ocean  wave  height,  and  wina  ^aed. 


143 


A  woond  iaierDadanal  putnenhlp  mloioa  between  NASA  aatf  our  JapUMse  ooUeagues  will  retuli  In  tbe 
iBiiKliia  19%afti»^^SCAT(NASASctttBrBBSta)uooeaf8svv^iiapoitioCfea>)noatheJap^^ 
AOECS  odjdoo.  ADEOS  ha*,  u  ito  lUHian,  to  acqiilra  data  oa  wotiAwldB  eDwoniaeaDal  ciianiec  gocli 
ai  tbs  graeshauM  dlbci,  oaoBe  liytr  dflfiJttioa,  trapikal  r^ 

w^^*<'"tf  NSCAT,  a  gpedaliZKlaucrewcya  radar  (WsnedtsiDeaiuraviadi  over  tte  oceans,  wm 
maann  wind  ipeeda  aa£  ^eetiaoi  over  it  loMt  90  pooeot  of  tfae  ioe<-fi«e  gictati  oocant  every  2  dsy« 
onder all wettSuraod cloud coaditiou.  Wiadi are s ezitica! factcr i£ datam&iuBg regioaal 'wtather 
panaKsa.iiobaldJsiat8.aiidteaenlarQilatiffiiafthawotld'iocesBi.  Atp«aaBt,foodcapabUJiy£br 
weathat  daU  scqultidea  odM  over  laad  b«  Mt  ov«  QQeai!£,  wiMre  oar  oily  loKiwladg^ 
eomeaftem  iaftaqucat  and  OTiietinwa.  inaorwiro.  reporti  from  tfaiga.  StsidiaiQfNSCATdatasn 
OKpected  to  kad  td  iopravid  sMbodc  of  global  wHtfher  tesudog  aad  modelias  lad  to  a  bett^ 
uadefBuaidiiif  of  envifenasntat  phmwnBnt  (auch  u  B  Mao)  ifeat  creatly  iflba  worid  fcoaonuet, 

Thizdly,  NASA  is  poked  to  asmoonee  tha  iTpmming  kuach  of  SeaWQ'S  (Sa^^^iewlag  Wide  FieId<af>Vlew 
Saasor)  on  OiUtaS  Sdeaces  Coipondon't  SeaStar  tfteesoA  wisie&  wUl  addraaitlK  erudal  meaniTemeata 
anociatad  with  ehaagu  ia  water  oeler.  or  ipadn!  ladiitnee,  that  aecompazsy  the  growtk  cff  pfaytopiankton 
(microaooide  plaati,  the  ban  of  tlw  fbod  chain)  aad  ai^Miided  HdisMOti  oav  the  (^ 
eeeaa.  S«aWI7S  will  bhsg  to  tht  ocean  eoamnimty  a  wdcoaad  and  iinpRn«d»nflwaI  of  tbe  ocean  col^ 
remota  aeiuiag  oiwfaility  lott  wban  the  Niii^ai-7  CmaiI  Zeise  Color  Scanner  (CZCS)  eaand  operation 
la  19S£.  Doigaed  to  aoaitor  oeoaa  phyiiet,  cbea^tty.  and  biology  fioa:  qMoa,  SeaStv  T&pmmti  a  oaw 
geaotdon  of  highly  capabia,  1ow<qA  utellltei  plaoned  aa  part  of  KASA'i  Miiitca  to  Pianet  Hvth.  The 
SwWIFS  ocean  color  icaser,  Mow«d  by  MSQOIS  on  BOS,  will  ptovidA  the  &ii,  K^^t&i  global  oovem^ 
required  fiir  advanced  stu^ei  of  marine  phytoptankton  and  ooeaaiu!fiKe»ir?s!ts,  Phytoplankun  ibrm 
(bs  bate  of  the  tooi  chain,  end  oeom  color  obwrvadoas  froa  apaoe  lat  tu  Mtanate  the  coocestiatioiu  sf 
theaa  alju  over  large  and  rsntots  ocean  regions  worldwide  and  parmit  the  ttudj-  of  aasr  nulacs 
phytoplankton  *bioQiiu'.  Tbeae  wddca  gpiiode*  of  plant  growth  (blooas)  attxwot  Sib  and  liter  oesaa 
dfomistiy.  In  addition,  the  pfaytopiankton  dnS  with  ocean  currants,  and,  therefbra,  lcsg4erm  ocean  color 
data  hdp  trace  CheK  cuneaB,  Providian  iufbrautios  oesdod  fbr  asvigatioa  and  *a£ety  at  aeo.  Tbcw  data 
also  i8veai  the  £ttB  of  liver  ditcharfB,  pinpoint  iuhin|groui>dc,aBd  track  wi£ez->borTiepollutioo.  Such 
knowladfe  il  of  high  operatloaal  value  to  shippisg  sod  fijhiog  fleets,  otbe  commeidal  oTpuiizatlcas,  and 
Govtmmem  ageneiei. 

Knally,  NASA  and  several  istemationa!  pstners,  ia  ab:^uid  new^vay  of  doiagbuslnea,  bxve  just  begun 
a  oew  space  initlstivt  cHisi  SiMBlOS  that  wjll  provide  a  special  daa  let  from  s  wiiw  oTicveu  dUSerent 
ooesn  color  lensoiv  frsaa  diffbrent  oountries  (be^nniag  with  tte  laiiash  of  SeaWIFS).  The  snooess  of  the 
earlier  ocaan  color  tsission  (which  revolutloaizad  the  w«y  ia  which  bioiegleai  aceaaogtaphen  view  the 
ocean)  led  to  a  auoto  of  &Ih>w-<m  satalUte  seaaor  nsisiioa,  witbia  die  US  ssd  Iha  the  Esropean  Space 
Ageocy,  Japan,  Taiwan,  Geinaay  and  FfBttM.  White  icvtral  of  tte  in^nnrwnti  are  hlgity 
complafflentary,  there  are  tigniflcaat  diftnacea  ia  tachsical  a^raach  which  ptednded  comparisons 
among  the  various  valuable  data  seta.  SINfBIOS  is  sn  ia&nadonal,  interageacy  calibratioiiA«iidation 
injtistive  which  uHiaiatslymBkee  the  data  ooaipifilhle.  SIMBIOSreeulul8thedevelopaMntafalong> 
tarn  (nearly  20  yean)  set  of  coaslstaiit  tine-ieriea  of  global  bio-«ptieal  products  fism  the  world  ocean 
tvtdlabia  to  the  world  ooaaasooausuai^.  The  pieaenoe  of  multiple  ocean  color  sooaon  will  allow  the 
evcntnal  developaiest  of  aa  oceaa  color  observing  syttem  that  is  both  cost  efbctivt  sod  Kieatifieally 
baaed.  The  data  Sit  will  preaeat  a  uaique  opportnalty  to  anderstaad  the  coupiisg  of  physical  and 
biological  ptooeiaes  in  the  world  oceaa  and  help  provide  asswen  to  eceaa  issues  which  directly  Impact 
hunuuw  ett  i  daily  basii. 
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Department  of  Energy 

Germantown.  MO  aoaT-i-iaDO 


ADM  James  D.  Watkins,  USN  (Ret.) 
President,  Consortium  for  Oceanograpnic 

Researcti  and  Education 
1755  Massachusetts  Avenue,  N.W. 
Suite  300 
Washington,  DC.   20036 

Dear  Admiral  Watkins: 

Subject:         The  role  of  the  Department  of  Energy  in  ocean  science  is  to  support 

interdisciplinary  studies  on  the  dispersal  and  fate  of  energy-related  materials  in 
the  marine  environment. 

Thank  you  for  your  letter  of  October  1 1 ,  1995.  to  Dr.  Martha  Krebs  informing  us  of  the  tri- 
Committee  hearing  on  advancing  the  science  of  oceanography  through  partnerships.    I 
appreciate  the  opportunity  that  your  testimony  will  provide  for  acknowledging  the  Department 
of  Eneigy's  contributions  to  ocean  science,   in  addition,  I  agree  that  during  these  times  of 
fiscal  constraint,  government  downsizing,  and  program  reengineering,  it  is  extremely 
Important  that  paitnerst'iips  be  developed  to  help  coordinate  our  research  and  dnvalopment 
efforts.  Such  partnerships  are  also  necessary  tc  ensure  the  efficient  use  of  distributed 
capabilities  and  resources. 

The  Department  of  Energy  and  its  predtscesscr  esgencies  have  supported  long-term 
interdisciplinary  studies  in  ocean  science  as  part  of  the  concern  about  the  sustainable 
development  of  energy  resources  and  the  dispersal  and  fate  of  energy-related  materials 
(■nciuding  radionuclides,  trace  metals,  synthetic  organics,  hydrocarbons,  and  most  recently 
COj)  in  the  marine  environment.  It  is  believea  that  the  ocean  may  be  a  large  sink  for 
emissions  of  atmospheric  CO,  resulting  from  energy  production  via  fossil-fuel  combustion  and 
that  cartjon  is  an  important  currency  for  marine  ecosystems  and  for  marine  resources. 

The  Office  of  Health  and  Environmental  Research  is  cun-ently  supporting  university  and 
national  laboratory  scientists  to  conduct  molecular  to  global-scale  studies  to: 

•  dsfine  ocitnnic  sources  and  sinks  in  the  global  carbon  cycle; 

•  quantify  the  biogeor.hemical  mechanisms  and  processes  by  which  carbon  is 
assimilated,  transported,  and  transformed  in  the  coastal  ocean;  and 

•  understand  and  predict  the  natural  vanabiiity  of  the  ocean  and  coupled  ocean- 
atmosphere  systems  on  decade  and  longer  time  scales. 


® 
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I  hope  this  information  will  halp  in  you.-  prwparaSon  for  the  UDComing  tn-Committee  heanrg. 
Should  ycu  chose  to  includ«  it  in  your  written  statement.  I  navs  enclosed  a  statement  !Q  this 
lettw  that  outJinea  the  role  of  the  Department  of  Ennrgy  in  ocean  sciences  in  more  detail  than 
provided  above.  Please  let  me  know  if  I  can  be  of  any  further  assistance. 

Sincerely, 


'  Art  Patrlnos 
Associate  Directoi  Tor  Health 

and  Envircrmental  Research 
Office  of  Energy  Research 


Enclosure 
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ROLE  OF  THE  DEPARTMENT  OF  ENERGY  IN  OCEAN  SCIENCE 

The  Department  of  Eneryy  supports  long-term  interdiscipiinary  studies  in  acean  science  as 
part  of  Its  concern  for  the  sustainable  development  of  energy  resources  and  the  disrarsal 
and  fate  of  energy-related  matarials  (including  radionudldea,  trace  metals,  synthetic  crganlcs. 
Iiydrccarbons,  and  most  recentiy  COJ  in  the  environment.  It  s  believed  that  the  ocean  may 
be  3  large  3inl<  for  emissions  or  atmospheric  COj  resulting  from  energy  production  via  fossii- 
fuei  combustion  and  that  carbon  is  currency  for  marina  ecoaystema  and  for  marina  resources. 
The  Office  of  Energy  Research,  througn  trie  Office  of  Health  and  Environmental  Research,  is 
currently  supporting  university  and  national  laboratory  scientiats  lo  conduct  molecular  to 
glob;tUscaie  studies  within  four  coordinated  ocean-science  components. 

(1)       Produce  a  global  desaiotion  of  tfie  oceanic  cardonata  system  for  quantifying  ocean 
sources  and  sinks  *or  atmospheric  CO,  and  for  linking  global  ocean-atmosptiere  and 
carbon-cycle  models.  This  research  is  conducted  in  partnership  with  the  Joint  Global 
Ocean  Fiux  Study  (JGOFS)  and  the  Worid  Ocsancgraphic  Circulation  Experiment 
(WOCE). 

{2)       D«valop  advanced  instrvmentation.  n»w  moleculsr-biological  techniques,  and 

mathematical  models  fcr,  respectively:   measuring  the  ocean's  yhysicai,  chemical, 
biological,  and  optical  state  3rd  obtaining  high  frequency  in-situ  measurements  of  the 
factors  affecting  caroon  fluxes;  examining  how  organisms  adapt  and  respond  to 
environmental  stresses  associated  with  energy-related  activities-  and  predictirq 
changes  In  the  CO.  content  of  the  ocean  and  atmosphere  that  may  result  from  fcssi'. 
fuel  combusticn. 

(3)  Conduct  an  integrated  multidiadfjlinaiy  field  expenmsnt  in  U.  S.  coasts/  waters 
(Ocean  Margins  Program)  In  FY  IS9S  lo  assess  the  sources,  sinks,  transformations, 
and  exchange  of  caroon  and  other  energy-ielated  materials  at  the  lard/ocean 
interface  and  thereby  increase  the  fundamental  understanding  of  the  impact  of 
energy-related  activities  on  coastal  ecological  systems. 

(4)  Dp.\jelop  the  modeis  necessary  to  predict  accurately  climate  change  on  decade  and 
longftr  time  scales  and  to  understand  the  natural  vanabiiity  of  the  ocean  and  coupled 
ocean  atmosphere  systems  (the  DOE  Program  for  Climate  Prediction):  The 
Semtn*r.^hen;in  global  ocean  model  has  been  recognized  internationally  and  adapted 
to  perform  coupled  model  runs  as  part  of  the  1995  intenristional  climate  change 
aseaesment.  in  FV  199fi,  coupied  atmosphere-ocean-land  surface-sea  ice  models 
based  on  the  next  generation  component  models  will  be  completed  and  ready  fcr  use 
in  climate  prediction  and  climate  change  assessment  Tne  near-term  objective  is  to 
provide  verified,  high  reaolution  coupled  models  that  will  simulate  the  globai  climate  of 
the  last  century,  including  measures  of  variahilify.  without  flux  ccn-ection  or  climate 
dnfl. 

Ounng  these  times  of  fiscal  constraint,  government  downsizini],  and  program  reengineenng, 
the  Department  of  Energy  agrees  that  it  is  extremely  important  to  devslop  partnerships 
Petween  the  federal  agenciee,  private  industries,  and  academic  communitifls  to  coordinate 
research  and  development  tsITorts  and  tc  make  efficient  use  of  distributed  capabilities  and 
resources.  Such  coordlnatiofi  is  an  integral  pert  of  the  Department's  activities  in  ncean 
research  and  in  global  change  rvaearch  in  general. 


147 

Mr.  Weldon.  Thank  you,  Admiral  Watkins.  And  let  me  thank 
each  of  you  for  your  outstanding  testimony.  And  as  we've  heard 
today,  not  only  are  we  graced  with  the  presence  of  the  major  fed- 
eral agencies  involved  with  ocean  jurisdiction,  but  we  also  have 
from  Admiral  Watkins  those  agencies  who  could  not  be  at  the  table 
because  of  the  magnitude  of  the  hearing,  but  who  are  committed 
to  this  process  that  we're  beginning. 

And  let  me  say  it  is  an  historic  time  because,  in  a  bipartisan 
way,  the  three  subcommittees  that  are  here  that  share  jurisdiction 
on  the  issue  of  oceanography  have  each  committed  themselves  to 
work  to  try  to  support  you  legislatively  with  the  kinds  of  rec- 
ommendations that  you  will  bring  forth  to  allow  us  to  better  coordi- 
nate our  resources. 

Admiral  Watkins,  as  I've  discussed  with  you  on  several  occasions, 
that  may  well  lead  to  a  piece  of  legislation  such  as  you've  sug- 
gested, that  will  not  involve  massive  amounts  of  new  money,  per- 
haps, but  simply  a  better  and  easier  way  to  coordinate  those  dol- 
lars we're  already  spending  and  perhaps  those  resources  we're  al- 
ready providing. 

But  we  will  guarantee  you  one  thing,  and  I  will  guarantee  you 
this  personally  from  my  own  standpoint — the  focus  will  be  on  the 
oceans  as  we  proceed  through  1996  and  beyond,  and  not  just  in  the 
security  area,  and  Admiral  Boorda  knows  he  has  our  unequivocal 
support,  but  also  in  the  environmental  area. 

In  the  meeting  in  St.  Petersburg,  meeting  with  the  ambassador 
for  the  environment  for  Canada,  John  Fraser,  and  Lord  Stanley 
Clinton  Davis  from  the  British  Parliament,  we  discussed  the  issue 
of  the  oceans  and  we  could  not  understand  how  our  respective 
countries,  if  you're  a  supporter  of  defense,  you're  considered  per- 
haps to  be  against  the  environment.  Or  if  you're  for  the  environ- 
ment, perhaps  you're  not  for  defense. 

Well,  we're  going  to  take  a  new  approach.  We're  going  to  be  for 
both. 

We're  going  to  be  for  those  areas  where  we  can  cooperate,  where 
we  can  build  new  partnerships,  build  new  ways  of  coordination  and 
understanding,  and  attempt  to  tear  down  some  of  the  barriers  that 
have  existed  in  each  of  the  agencies  and  operations  to  better  serve 
the  people  of  this  country. 

Excellent  testimony.  I  have  a  number  of  questions.  I'm  going  to 
defer  to  the  chairman  of  the  science  subcommittee  while  I  go  over 
and  vote. 

We  will  continue  the  hearing  during  that  vote  so  members  can 
go  over. 

You're  not  going  to  stay?  Okay.  Then  we're  all  going  to  go  over 
and  vote  together  and  we'll  be  back  in  five  minutes. 

We'll  recess  the  hearing. 

[Brief  recess.] 

Mr.  Weldon.  The  subcommittees  will  be  reconvened.  Would  the 
distinguished  panelists  take  their  chairs  so  that  we  can  begin  ques- 
tioning? 

Our  intent  is  to  proceed  right  through  the  noon  hour  and  to  allow 
members  to  ask  questions  so  that  our  witnesses  may  get  on  with 
theii*  schedules,  which  we  know  are  very  busy. 

So  we  will  just  continue  to  proceed  through  the  question  session. 
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I  have  one  question  I'd  like  to  begin  with  while  Mr.  Rohrabacher 
is  returning.  As  I  mentioned  in  my  opening  comments,  I've  submit- 
ted for  the  record  both  letters  from  Al  Gore  and  from  Trent  Lott 
from  the  Senate,  both  of  whom  are  aware  of  these  hearings,  the  se- 
ries of  hearings,  as  well  as  this  hearing  today,  and  have  expressed 
their  support  for  the  initiative  that  we're  undertaking. 

Senator  Lott  had  a  specific  question  in  his  letter  to  me,  dated 
January  11th,  which  I'd  just  like  to  raise  and  either  have  a  re- 
sponse now  or  a  response  for  the  record. 

In  his  letter,  and  I'll  refer  to  it,  it  says,  and  I  quote:  "With  your 
hearing  being  focused  on  leveraging  national  oceanographic  capa- 
bilities and  meeting  requirements  in  nontraditional  ways,  it  would 
be  interesting  for  you  to  query  the  panel  to  see  if  the  Navy  can 
partner  with  the  university  research  ship  fleet  to  help  reduce  its 
survey  backlog  of  240  ship-years.  This  approach  would  help  expand 
partnerships  and  synergy  among  the  nation's  oceanography  com- 
munity and  provide  much  needed  money  to  expand  ocean  science 
research." 

This  question  comes  out  of  a  report  that  Senator  Lott  had  com- 
missioned in  last  year's  defense  authorization  bill  which  was  sub- 
mitted to  the  Secretary  of  the  Navy  and  prepared  by  the  oceanog- 
rapher  of  the  Navy. 

So  perhaps  Admiral  Boorda  or  anyone  else,  Dr.  Lane,  or  whoever 
else  would  like  to  respond  to  this  question  of  Senator  Lott,  I'd  ap- 
preciate it. 

[Letters  from  Vice  President  Al  Gore  and  Senator  Trent  Lott  ap- 
pear in  Appendix  II,  pages  199  and  200  respectively.] 

Admiral  BooRDA.  I'd  be  happy  to  respond. 

We've  had  some  discussions  with  the  Senator.  He  and  I  have  ex- 
changed some  correspondence  on  that. 

The  240  ship-years  of  work  is  a  valid  statement.  It  is  one  of  the 
reasons  that  in  our  CNO  executive  board,  I  decided  to  keep  more 
ships. 

I'm  going  to  ask  Paul  or  perhaps  George  if  they'd  like  to  go  fur- 
ther on  how  we  might  best  reduce  that  backlog  faster.  Clearly, 
that's  our  aim. 

In  many  of  the  places,  however — let  me  caveat  it  before  he 
speaks — in  many  of  the  places,  only  ships  that  are  under  our  con- 
trol can  go  in  the  area  under  current  international  law. 

Admiral  Gaffney.  Mr.  Chairman,  we  have  right  now  a  plan  to 
field  by  the  end  of  next  fiscal  year  eight  ships  permanently  de- 
ployed overseas  that  can  virtually  get  into  any  area  that  we  want. 

And  as  the  CNO  just  mentioned,  a  normal  research  ship,  a  ma- 
rine scientific  research  ship,  can't  necessarily  go  every  place  we 
can. 

So  I  think  we're  pretty  set  for  the  future  in  that  we  have  fewer 
ships,  but  they're  great  ships.  They're  probably  the  greatest  ships 
built  today. 

We  would  look  for  opportunities,  I  think  if  we  have  a  little  extra 
cash  now  and  then  to  use  and  buy  time  from  academic  ships. 
That's  something  that  I  will  always  ask  for  in  the  Navy  and  we'll 
see  what  we  can  afford. 

But  those  opportunities  exist  and  we'll  watch  for  them.  Thank 
you. 
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Mr.  Weldon.  Thank  you.  Yes,  Dr.  Ballard?  That  will  be  one  of 
the  areas  we'll  look  to  help  you  with  as  well  during  the  budget 
process. 

Dr.  Ballard? 

Dr.  Ballard.  Yes.  Another,  I  think,  if  one  wants  to  look  into  the 
advgmces  being  made  in  telecommunications  to  be  able  to  use  tele- 
communications for  scientists  in  the  laboratories  on  shore  to  access 
ships  at  sea  while  thej^re  working. 

I  think  it's  not  possible  for  the  oceanographers  to  go  on  a  long 
cruise  that  has  multiple  purposes  for  that  limited  time  window 
when  they  might  want  to  do  their  work. 

We  certainly  know  that  in  the  private  sector,  the  advances  in 
telecommunications  are  really  advanced  now  and  that  scientists 
should  be  able  to  access  military  platforms  or  other  platforms  with- 
out physically  having  to  go  there. 

And  I  certainly  know  that  the  Department  of  Defense  has  very 
sophisticated  telecommunications  technologies  that  they  might 
want  to  look  at  how  to  use  those  in  a  nonclassified  way  to  provide 
access  to  their  platforms,  or  anyone's  platforms,  without  having  to 
physically  put  people  on  the  ships. 

Mr.  Weldon.  Excellent  suggestion.  And  I  would  ask.  Admiral 
Boorda,  if  you  could  provide  for  the  record  some  overview  of  the  po- 
tential in  that  area  for  that  kind  of  coordination  in  the  future. 

Admiral  BoORDA.  We'd  be  happy  to.  That's  exactly  the  kind  of 
initiatives  we're  looking  for. 

[See  Appendix  for  the  information  supplied  by  Admiral  Boorda.] 

Mr.  Weldon.  Thank  you  very  much.  With  that,  I  have  other 
questions,  but  I  will  defer  to  our  panelists  who  have  a  number  of 
questions.  And  with  that,  I'll  start  with  our  chairman  of  our 
Science  Subcommittee,  Mr.  Rohrabacher. 

Mr.  Rohrabacher.  Thank  you  very  much,  Mr.  Chairman. 

First  of  all,  I  want  to  commend  you,  Mr.  Ballard.  Your  vision  of 
what  can  be  the  potential  of  the  ocean,  I  know  that  some  people 
think  that  the  ocean  is  something  to  be  preserved  and  to  keep  peo- 
ple away  from. 

Being  a  surfer,  I  know  that  the  ocean  is  there  for  all  of  us  to 
enjoy  and  to  preserve,  but  also  to  use  for  the  benefit  of  mankind. 

I  think  your  vision  of  an  ocean  in  the  future  that  can  be  put  to 
use  for  the  benefit  of  all  mankind  is  very  acceptable — not  accept- 
able— but  an  admirable  vision. 

Interestingly  enough,  I  thought  that  it  paralleled  some  of  the  \'i- 
sion  that  people  have  for  space,  and  I  am  also  on  the  Space  Sub- 
committee. 

Do  you  think  that  there's  enough  cooperation  going  on  between 
the  space  communities  and  the  oceanographic  communities? 

Dr.  Ballard.  I  think  the  trend  is  in  the  right  direction.  I  think 
there's  much  more  cooperation  now  than  in  the  past.  And  as  I  say, 
all  evidence  suggests  that  there  will  be  more. 

Certainly,  NASA  has  trained  its  technology  and  its  incredible  re- 
sources not  only  into  outer  space,  but  back  on  to  earth  itself.  A  lot 
of  cooperation. 

I  might  add  that  I  grew  up  in  Long  Beach  and  got  my  diver  cer- 
tification in  Belmont  Shore.  So  I've  lived  the  world  that  you've 
lived  in. 
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I  think  a  thing  that  has  not  been  mentioned  here  today,  I  wear 
a  number  of  hats,  and  one  of  them  is  as  the  founder  of  the  Jason 
Project,  the  Jason  Foundation  for  Education. 

It's  very  important  that  we  not  only  learn  about  the  oceans 
through  the  combined  efforts  of  the  various  organizations  here 
today.  It's  also  critical  that  we  work  together  to  prepare  the  next 
generation  of  oceanographers  and  scientists  and  engineers  and  leg- 
islators. 

I  think  the  Jason  Project  is  a  good  example  of  leveraging,  in  that 
we've  gone  out  and  most  of  the  funding  into  this  educational  pro- 
gram is  from  the  private  sector.  We've  gone  out  to  corporate  Amer- 
ica, who  are  concerned  about  the  supply  of  engineers  and  scientists 
in  the  pipeline.  We  have  a  wonderful  collaborative  effort  with  the 
United  States  Navy  in  providing  the  assets  under  the  SECNAV  ini- 
tiative for  access  to  assets  in  the  use  of  the  NR-1  and  their  support 
ship  this  summer. 

We're  also  working  with  NOAA  in  that  access  of  the  Habitat  Pro- 
gram. 

But  I  must  point  out  that  if  you  want — those  of  us  who  are 
known  as  risk-takers,  those  of  us  who  are  known  as  going  on  to  the 
edges  of  the  system  and  breaking  new  frontier,  as  I  feel  com- 
fortable doing  as  an  explorer,  if  we  go  out  and  we  get  industry  to 
put  $5  million  into  a  program,  if  we  go  out  and  develop  collabo- 
rative efforts  with  the  Navy  to  leverage  their  assets,  and  if  we  go 
out  and  work  with  NOAA  and  work  with  12,000  science  teachers — 
we  have  students  in  Pennsylvania,  we  have  students  in  every  dis- 
trict that  is  represented  by  these  committees  right  now  studying 
oceanography. 

We  cannot  then  pull  the  plug  on  the  program. 

We've  made  a  tremendous  investment  with  private  industry  and 
the  military  assets,  to  only  now  not  have  the  Habitat  in  question 
that  we  have  500,000  kids  stud3dng  right  now,  and  12,000  teachers. 

Mr.  ROHRABACHER.  The  greatest  guarantee  of  not  pulling  the 
plug  on  the  program  of  course  is  to  make  sure  that  there's  as  many 
people  contributing  to  the  pot  as  can  be,  and  not  just  the  federal 
contribution. 

Dr.  Ballard.  The  vast  majority  of  the  funding  on  this  project  is 
private,  the  private  sector. 

Mr.  ROHRABACHER.  Right.  When  I  asked  you  about  space  and  the 
cooperation,  are  you  aware,  or  is  anyone  aware  on  this  panel  of  the 
initiative  taken  up  at  the  Ames  Laboratory  that  is  trying  to  de- 
velop a  spacesuit  that  will  be  also  a  deep  sea  diving  suit? 

Dr.  Ballard.  We've  been  working  with  Ames,  but  we've  been 
mostly  working  with  their  robotic  vehicles. 

Mr.  ROHRABACHER.  Mr.  Baker? 

Dr.  Baker.  Yes,  I  am  aware  of  that  initiative,  which  has  been  an 
important  one  because  it's  an  application  of  NASA  technology  to 
deep  sea  diving. 

In  fact,  Sylvia  Earle,  who  is  a  former  chief  scientists  at  NOAA, 
has  been  involved  in  advising  on  that  project. 

Mr.  ROHRABACHER.  I'm  a  scuba  diver  as  well  as  a  surfer,  and  I 
think  it's  important  for  us  to  realize  that  a  lot  of  the  training  that's 
being  done  in  order  to  help  build  things  in  space  are  actually  being 


151 

done  first  in  the  ocean  to  train  these  folks  how  to  handle  construc- 
tion in  a  different  gravity  situation. 

I  am  a  Httle  bit  concerned,  and  I  will  put  this  for  the  record,  Mr. 
Chairman,  that  it's  something  we  should  look  into  that  the  efforts 
to  build  a  space  suit  and  a  dive  suit  have  been  actually  thwarted, 
I  believe,  by  some  of  the  bureaucratic  impediments  in  NASA,  and 
that  we  should  actually  be  looking  at  that  to  make  sure  that  that 
isn't  thwarted. 

Finally,  I'd  just  like  to,  Mr.  Baker,  about  the  NOAA  fleet,  which 
you  made  passing  reference  to.  And  I'd  like  to  ask  our  naval  rep- 
resentatives this: 

Can't  the  Navy  provide  NOAA  some  help  here  so  we  don't  have 
to  have  a  separate  NOAA  fleet  and  Navy  fleet?  And  to  the  degree 
that  you  can,  can't  we  just  charter  some  people  from  the  private 
sector? 

Dr.  Baker.  Mr.  Rohrabacher,  that's  a  topic  of  great  concern  and 
interest  to  us.  You  and  I  have  talked  about  this  before 

Mr.  Rohrabacher.  Yes,  we  have. 

Dr.  Baker,  (continuing)  trying  to  have  an  efficient  operation,  op- 
erating within  what  we  know  are  very  tight  budget  constraints. 

We  have  to  go  to  sea  to  do  our  work.  We  have  to  have  people  out 
there.  I  think  we  all  agree  that  that  has  to  happen. 

Mr.  Rohrabacher.  Sure. 

Dr.  Baker.  The  question  is  how  do  you  do  it? 

We  have  a  plan  that  allows  us  to,  we  think,  utilize  the  best  of 
all  the  ways  in  which  the  nation  can  go  to  sea.  That  is,  with  gov- 
ernment-owned assets,  with  private  industry,  and  with  the  aca- 
demic community. 

And  our  current  ship  plan — remember  that  NOAA  originally 
started  out  with  a  fleet  of  25  ships  that  were  government-owned 
and  government-operated. 

Our  current  plan  is  to  have  a  mix  of  ships  which  would  come  ei- 
ther from  the  government,  from  private  industry,  or  from  aca- 
demia,  and  each  time  that  we  look  for  a  ship,  we  look  at  the  cheap- 
est way  to  do  it. 

This  could  be  the  Navy.  This  could  be  the  academic  community. 
It  could  be  private  industry.  And  in  fact,  as  you  look  at  the  NOAA 
fleet,  we  have  three  major  functions.  We  have  fisheries,  we  have 
mapping  and  charting,  and  we  have  research. 

We  will  be  looking  to  the  research  community  to  help  us  with  re- 
search ships.  We  will  be  looking  to  the  private  industry  to  helping 
us  with  mapping  and  charting.  And  we'll  probably  have  a  mixture 
of  these  for  fisheries. 

But  we  have  a  process  in  place  that  allows  us  to  look  at  the 
cheapest  way  to  do  it  in  each  case.  And  it  may  well  be  that  the 
Navy  can  provide  us  some  help.  We  don't  have  a  formal  arrange- 
ment at  that  point.  The  Navy  has  worked  very  closely  and  built  up 
the  academic  community  and  has  had  a  very  strong  relation.  We 
have  close  relations  with  the  Navy. 

So  this  is  something  that  we're  working  on. 

Let  me  just  say  one  thing  about  the  space  side. 

Mr.  Rohrabacher.  Yes. 
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Dr.  Baker.  You  mentioned  that.  This  is  an  area  that  has  been 
very  important.  It  has  allowed  us  to  do  new  things  on  the  ocean 
we  simply  couldn't  do  before. 

We  have  close  ties  between  NOAA  and  NASA,  but  also  between 
NOAA  and  the  Navy  because  the  Navy  does  operational  satellites 
and  has  done  some  wonderful  things.  This  latest  popular  science 
has  some  pictures  in  it  of  the  GEOSAT  satellite  and  the  data  that 
the  Navy  released. 

NOAA  has  been  working  with  the  Navy  on  making  those  maps. 

We  have  a  new  program  which  is  allowing  us  to  leverage  the  as- 
sets that  other  countries  are  flying.  One  of  the  points  that  you 
made  to  me  was  can't  you  leverage  the  assets  that  other  countries 
are  using? 

We  have  a  small  program,  a  very  small  percentage  of  our  total 
budget  that  allows  us  to  leverage  ocean  satellites  flown  by  other 
countries  so  we  can  get  that  data  out  to  private  industry  and  to  the 
academic  community,  and  it's  working  great. 

So  we  appreciate  your  help  on  that. 

Mr.  ROHRABACHER.  Thank  you,  Mr.  Baker.  Admiral,  I  imagine 
you  agree  with  that. 

Admiral  BOORDA.  Well,  there's  not  a  lot  to  add  to  that,  except  to 
say  that  when  we  went  from  12  ships  to  eight,  and  we  were  actu- 
ally lower,  that  was  done  based  on  affordability  and  on  our  view 
of  the  mission  and  how  it  fit  with  other  things  we  have  to  do  in 
the  Navy. 

In  the  end,  our  charter  is  combat-readiness,  the  ability  to  under- 
stand the  oceans  and  the  environment,  in  our  view,  is  primarily  re- 
lated to  being  able  to  project  power  and  do  the  things  we  need  to 
do. 

And  as  we  do  that,  the  cooperation  with  NOAA  and  with  the 
other  agencies  is  a  very  good  thing  for  us  to  do  and  makes  us  bet- 
ter at  what  we  do. 

Taking  a  mission  that  is  not  inherently  a  national  defense  mis- 
sion and  trying  to  do  it  in  a  way  that  we  do  business  would  prob- 
ably make  it  more  expensive,  would  make  us  grow  and  have  you 
begin  to  think  about  putting  appreciably  more  money  into  our 
budget  in  that  area,  and  would  require  us  to  hire  an  awful  lot  of 
people  right  at  the  time  when  we're  trying  to  downsize. 

So  I  think  a  cooperation  between  the  two  of  us  is  much  pref- 
erable to  a  hostile  take-over  between  the  two  of  us. 

[Laughter.] 

Mr.  ROHRABACHER.  Thank  you  very  much.  Thank  you,  Mr.  Chair- 
man. 

Mr.  Weldon.  Thank  you,  Mr.  Rohrabacher.  I  might  just  add, 
during  the  budget  deliberations  of  last  year,  when  the  question 
came  up  of  the  down-sizing  of  the  NOAA  fleet  and  some  of  the  mis- 
sions there,  we  asked  the  oceanographer  for  the  Navy  to  give  us 
a  written  response  because  some  in  this  Congress  are  under  the 
impression  that  we  can  elimmate  am  agency  and  the  mission  just 
goes  away,  when  in  fact  what  happens,  it  gets  shifted  to  somebody 
else. 

And  so,  it's  not  just  a  dollar  savings  in  that  one  agency  because, 
in  effect,  you're  putting  new  responsibilities  on  somebody  else. 
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We've  got  to  make  sure  in  this  current  budget  environment  that 
we  don't  do  that,  or  at  least  if  we  do  it,  we  understand  what  the 
impKcation  is  and  the  impact  in  this  case  of  the  Navy  taking  on 
something  that  they  hadn't  been  responsible  for  in  the  past. 

So  in  some  cases,  we're  getting  a  false  sense  of  savings  in  this 
area  that  really,  I  think,  has  yet  to  be  borne  out.  In  the  case  of  the 
oceanographer  and  the  written  response  I  got,  there  was  no  savings 
at  all.  It  was  an  increased  cost  to  perform  missions  that  have  been 
done  by  NOAA. 

Mr.  Rohrabacher,  one  of  the  things  that  you  could  do  to  help  us 
is  to  sensitize  members  of  Congress  and  perhaps  conduct  surfing 
classes  for  us  out  on  the  West  Coast. 

Would  you  do  that? 

[Laughter.] 

Mr.  Rohrabacher.  You're  all  invited. 

[Laughter.] 

But  Mr.  Ballard,  I  would  suggest  that,  you  know,  surfing  gets  a 
lot  of  attention,  and  deservedly  so  because  it's  a  great  sport.  But 
I'm  also  a  scuba  diver.  And  I  will  say  that  that  sport,  too,  is  a  real- 
ly significant  sport  in  terms  of  the  amount  of  money  being  made 
in  terms  of  people  who  are  teaching  other  people  hov/  to  scuba  dive, 
equipment,  et  cetera.  So  it's  an  important  economic  factor. 

But  I  believe  that  scuba  diving  is  becoming  something  now  that 
is  really  opening  up  a  new  understanding  of  this  underwater  uni- 
verse for  so  many  people  who  20  years  ago  would  never  have  been 
included  in  this. 

It  all  was  sort  of  "Sea  Hunt"  years  ago.  We  remember  that.  So, 
sure. 

Mr.  Weldon.  Admiral  Watkins,  did  you  want  to  respond  to  a 
scuba  diver  comment? 

[Laughter.] 

Admiral  Watkins.  We've  been  hurt  by  scuba  diving  and  congres- 
sional funding  in  the  past.  And  so,  I  want  to  avoid  that. 

[Laughter.] 

What  I  wanted  to  add  to  Mr,  Rohrabacher's  question,  though, 
was  the  fact  that  NASA  joined  our  consortium  to  try  to  bring  new 
visibility  to  the  ocean  component  of  Mission  to  Planet  Earth,  the 
earth  observing  system.  It  was  70  percent  of  the  earth.  If  you're 
going  to  go  observe  it,  let's  include  the  oceans. 

If  you  include  the  oceans,  let's  correlate  it  with  the  ship  data,  the 
buoy  data,  the  other  data  we're  getting  so  that  we  have  ground 
truth  correlation  so  that  we  can  begin  to  build  the  models. 

And  so,  it's  a  new  start  for  NASA  in  a  way.  The/ve  been  ham- 
strung, to  a  certain  extent,  by  the  funding  debates,  by  the  re- 
organizational  things.  I've  talked  to  Dan  Goldin  a  number  of  times 
on  this. 

I  think  we  have  to  get  serious  about  the  oceans  as  being  part  of 
that  mission.  And  that's  where  the  cooperative  effort  between 
Navy,  NOAA,  NASA,  the  academic  institutions  can  be  brought  to- 
gether. It's  when  you  begin  to  correlate  that  data. 

And  we're  getting  it  all  over  the  place  now,  with  all  kinds  of 
small  observatories  in  the  water  that  we  need  to  correlate.  And  so 
it's  extremely  importsint  we  not  forget  that. 
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I've  talked  to  some  of  the  appropriators  for  NASA  on  this  issue 
who  were  almost  caught  offguard,  like  what  is  the  ocean  component 
of  Mission  to  Planet  Earth? 

So  I  think  we  have  to  air  those  kinds  of  things  and  we  recognize 
that  with  funding  problems,  it's  going  to  be  a  problem,  but  let's 
start  it  up.  Let's  do  it  even  on  a  modest  basis  and  get  it  into  our 
system. 

And  that's  the  kind  of  integration  that  I  think  is  important  with 
NASA. 

Mr.  Kennedy.  Mr.  Chairman? 

Mr.  Weldon.  Yes? 

Mr.  Kennedy.  Mr.  Chairman,  if  I  could  just  interject  here. 

Mr.  Weldon.  Oh,  yes. 

Mr.  Kennedy.  Because  it's  on  this  subject. 

Rhode  Island  was  the  first  to  embark  on  this  with  the  help  of  Ad- 
ministrator Goldin  and  with  the  Baykeeper  in  Narraganset  Bay. 
We're  going  to  take  the  satellite  technology  that  comes  from  the 
pictures  of  the  earth  and  380  different  colors,  correspond  each  of 
those  colors  to  a  different  characteristic — salinity,  water  tempera- 
ture, the  coastal  environment — and  you've  got  a  holistic  picture  of 
the  bay,  where  the  most  productive  areas  are  for  shell  fishing  and 
the  like,  where  the  currents  are  coming  and  going. 

It's  just  going  to  do  wonders  for  coastal  zone  management.  It's 
a  unique  idea  of  sharing  satellite  technology.  Mission  to  Planet 
Earth,  with  what  we're  trying  to  do  with  this.  I  think  it's  a  perfect 
example. 

In  fact,  it's  only  through  the  initiative  of  ASA,  which  is  a  private 
company  in  Rhode  Island,  that  is  going  to  develop  the  simulation 
models  and  make  a  commercial  application  of  this. 

And  I  can  guarantee  you  that  there's  going  to  be  a  great  commer- 
cial application  for  this  when  you  think  of  all  that  can  be  developed 
from  this  knowledge  of  where  the  best  place  to  harvest  aquaculture 
is,  or  things  of  that  sort. 

Mr.  Weldon.  Thank  you,  Mr.  Kennedy. 

Our  next  questioner  is  from  the  Natural  Resources  Oversight 
Subcommittee  on  Ocean  Issues  and  has  been  a  tireless  champion 
since  he's  been  a  member  of  this  Congress,  and  long  before  that  on 
ocean  issues. 

His  state  is  what  has  given  me  my  sensitivity  to  the  oceans  be- 
cause I  spend  part  of  my  summers  there.  The  distinguished  gen- 
tleman from  New  Jersey,  Mr.  Saxton. 

Mr.  Saxton.  Thank  you,  Mr.  Chairman.  I  just  want  to  note  at 
the  outset  that  Mr.  Rohrabacher — I'm  sorry  he  left.  I  just  wanted 
to  let  him  know  that  I'm  a  sailor  and  a  fisherman  and  a  clammer. 

And  my  staff  has  determined  that  I  have  twice  as  much  coastline 
as  he  does. 

[Laughter.] 

Each  of  you  has  indicated  a  commonality,  and  I  might  say  with- 
out exception  and  I  think  it's  actually  quite  good  that  many  of  us 
are  on  a  common  wave  of  thought  relative  to  where  we  ought  to 
go  with  ocean  science  and  environmental  research. 

The  notions  that  you  have  conveyed  here  this  morning  I  think 
are     particularly     important     in     terms     of    partnerships     and 
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partnershipping  and  enlarging  peripheral  vision  and  seeing  what 
each  other  are  doing. 

It  is  absolutely  productive  and  a  concept  that  I've  believed  in  for 
a  long  time.  I  would  just  like  to  point  out  and  ask  you  to  do  some- 
thing, if  you  would. 

Earlier  this  year,  the  Resources  Committee  reported  a  bill  that 
would  reorganize  the  National  Oceanic  and  Atmospheric  Adminis- 
tration subsequent  to  the  supposed  demise  of  the  Department  of 
Commerce.  And  as  part  of  that  bill,  we  wrote  in  a  provision  which 
moved  toward  what  you  all  think  we  ought  to  do  in  terms  of  setting 
up  perhaps  a  formal  way  to  cooperate  with  each  other. 

We  would  have  established  in  Subtitle  F  the  National  Institute 
for  Aquatic  Resources,  which  was  an  attempt — of  course,  it  didn't 
survive  the  leadership  process  because  we're  of  course  not  into  ex- 
panding government  at  this  point.  But  it  is  a  concept  which  I  be- 
lieve I  heard  each  of  you  talk  about  today,  not  in  these  terms,  but 
in  terms  of  the  cooperative  research  and  development  efforts  that 
we  ought  to  be  promoting. 

So  I  would  just  like  to  ask  you,  and  I  will  provide  you  each  with 
a  copy  of  this  probably  through  the  mail,  I'd  like  to  ask  you  each 
for  your  comments  relative  to  this.  And  maybe  we  could  just  use 
this  as  a  kind  of  a  model  to  say,  okay,  well,  this  is  certainly  the 
concept  and  we're  certainly  headed  in  the  right  direction.  But  obvi- 
ously, we've  got  to  do  certain  things  differently  because  we  did  this 
quickly,  I  must  admit. 

Secondly,  I'd  also  like  to  ask  you  to  take  a  look  at  something  that 
Mr.  Weldon  and  Mr.  Kennedy  and  Mr.  Gilchrist  and  I  have  been 
working  cooperatively  on.  It  is  in  the  form  of  a  bill,  number  H.R. 
2827. 

And  essentially,  this  bill  would  consolidate  environmental  science 
activities  that  are  found  throughout  the  Federal  Government  and 
in  certain  other  private  institutions,  to  consolidate  and  improve 
governmental  environmental  research  by  organizing  a  National  In- 
stitute for  the  Environment,  once  again,  in  a  slightly  different 
area — that  is,  environmental  research  £ind  our  understanding  of  en- 
vironment. 

And  if  we  had  a  panel  of  people  who  were  from  environmental 
and  scientific  organizations  here  today,  they  would  have  espoused 
the  same  common  theme.  We  need  to  know  what  each  other  are 
doing.  We  need  to  be  able  to  help  each  other.  We  need  not  to  dupli- 
cate what  each  other  are  doing.  We  need  to  increase  our  peripheral 
vision.  We  need  to  be  partners  in  this  effort. 

This  bill,  interestingly  enough — and  I  was  going  to  read  the  pre- 
amble, which  I'm  not  going  to  do.  But  it  says  all  the  same  things 
that  you  all  said. 

So  I  would  like  to  ask  you  if  you  would  take  a  look  at  this  bill 
as  perhaps  a  model  as  well  for  creating  an  ongoing  formal  partner- 
ship, if  you  will,  and  give  us  some  input  as  to  what  you  think  about 
it. 

And  I  would  just  conclude  this  by  sajdng  this,  and  any  of  you  can 
comment  if  you  like. 

Fifty  years  ago,  in  another  area  of  science,  we  realized  the  same 
thing.  We  realized  that  we  were  doing  research  and  development 
on  issues  that  had  to  do  with  health  in  hospitals  all  across  the 
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country,  in  colleges  and  universities  all  across  the  country,  in  drug 
and  pharmaceutical  companies  all  across  the  country. 

And  Congress  said,  oh,  why  don't  we  coordinate  all  this?  And  we 
created  the  NIH. 

I  think,  as  Mr.  Weldon  and  Mr,  Kennedy  and  Mr.  Gilchrist  do, 
and  perhaps  others  who  are  here  as  well,  that  it  is  high  time  that 
we  recognize  that  science  has  the  same  application  to  the  environ- 
ment, that  science  has  the  same  application  to  ocean  policy  as  it 
does  to  health  policy.  And  it  ought  to  be  our  business  to  help  create 
that  partnership. 

So  these  are  two  of  the  efforts  that  I've  been  involved  in,  in  fact, 
leading,  and  I  would  love  to  have  your  comments  in  your  own  due 
course  to  get  back  to  us  on  them. 

Thank  you.  And  if  any  of  you  want  to  comment  on  these  issues, 
feel  free. 

Mr.  Weldon.  Anyone  like  to  respond?  We  would  certainly  want 
you  to  respond  for  the  record.  But  does  anyone  want  to  respond 
now? 

[No  response.] 

Thank  you,  Mr.  Saxton.  We'll  move  along  to — and  I'm  going  in 
the  order  of  arrival.  Don't  blame  me  for  the  order.  This  is  staff, 
when  you  have  to  mix  three  subcommittees. 

So  the  order  I  have  here  is  Roemer,  Gilchrist,  Bateman,  Ken- 
nedy, Johnson,  Meehan,  Taylor,  Minge,  Ehlers,  Farr,  Foley,  Tan- 
ner, Cobin,  Longley,  and  Olver. 

So  if  I've  missed  someone,  let  me  know,  if  we  don't  have  every- 
one. 

So,  Tim? 

Mr.  Roemer.  Thank  you,  Mr.  Chairman.  And  I'll  begin  by  telling 
you  I'm  going  to  even  begin  to  try  to  compete  with  Mr.  Saxton  or 
Mr.  Rohrabacher  for  scuba  diving  or  fishing  or  surfing  awards, 
being  from  Indiana,  where  we  don't  have  a  lot  of  coastline. 

[Laughter.] 

But  as  Admiral  Boorda  knows,  being  from  South  Bend,  Indiana, 
we  play  a  mean  game  of  football  in  the  water  and  the  snow.  So  we 
do  have  some  credentials  here. 

[Laughter.] 

And  seriously 

Admiral  Boorda.  If  I  can  interrupt. 

Mr.  Roemer.  Sure,  Admiral. 

Admiral  BoORDA.  You  do  have  one  guy  from  South  Bend  who's 
got  a  lot  of  ocean  and  who's  a  sailor,  also.  So  we  may  be  able  to 
beat  him  if  we  join  forces. 

[Laughter.] 

Mr.  Roemer.  Yes.  I  like  having  you  on  my  side,  I've  got  to  tell 
you, 

[Laughter.] 

It  has  been  a  very  enlightening  hearing  for  me,  with  the  exper- 
tise from  this  panel  of  distinguished  witnesses.  We  have  certainly 
heard  with  a  great  deal  of  unanimity  that  the  oceans  are  critically 
important. 

There  is  not  the  same  kind  of  unanimity  up  here.  I  don't  believe 
that  this  kind  of  important  research  can  sustain  or  be  sustained, 
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and  as  Dr.  Ballard  said,  we  cannot  continue  to  be  the  leader  in  the 
world  in  these  areas  if  we  have  to  implement  up  to  33  percent  cuts. 

Now,  Admiral  Watkins,  I  think,  outlined  this  very  well.  In  1982, 
ocean  sciences  received  about  seven  percent  of  the  U.S.  federal 
basic  research  dollar. 

In  1996,  that's  going  to  be  probably  less  than  3.8  percent. 

Dr.  Baker,  aren't  you  extremely  worried  about  this,  and  are  these 
too  deep  of  cuts? 

Dr.  Baker.  Yes,  they  are  deep  cuts  and  we  are  worried.  We  have 
been  trying  to  address  that  issue  of  getting  adequate  resource  into 
ocean  research  and  into  ocean  management  for  a  number  of  years. 
We  have  been  only  partially  successful  in  what  you  have  seen. 

I  think  we're  facing  a  real  problem  here. 

Mr.  RoEMER.  Where  are  they  too  deep,  specifically? 

Dr.  Baker.  Well,  you  can  look  across  NOAA  and  you  can  listen 
to  the  other  agencies,  but  we  have  three  areas  of  oceans  that  are 
particularly  important  to  us.  One  is  the  area  of  the  coastal  zone. 
And  you  do  have  an  important  coast  in  Indiana,  a  Great  Lakes 
coast.  Coastal  zone  management.  We  have  fisheries.  And  we  have 
the  role  of  the  ocean  in  weather  and  climate. 

All  of  these  are  areas  that  have  a  direct  impact  on  our  economy. 
They're  all  areas  where  the  more  we  know,  the  better  job  we  do  of 
managing  for  economic  growth.  And  yet,  we  simply  don't  have  the 
adequate  resources  to  do  the  job. 

Now  I  recognize  that  we're  all  working  under  the  balanced  budg- 
et limits.  But  I  believe  that  it  is  very  important  for  us  both  to  try 
to  have  a  focus  of  resources  in  oceans,  and  also  I  think  to  try  to 
build  stronger  partnerships  with  the  private  sector. 

We  see  some  very  good  opportunities  in  dealing  with  the  private 
sector,  and  as  we  go  forward  with  any  kind  of  arrangements,  I 
think  it  is  very  important  to  bring  them  in. 

This  is  one  way,  I  think,  in  which  we  can  help  leverage  the  re- 
sources that  we  have. 

Mr.  Roemer.  Admiral  Watkins — I  want  to  come  back  to  some 
partnerships.  Maybe  Admiral  Boorda  and  you.  Dr.  Baker,  can  ad- 
dress that. 

But  Admiral  Watkins,  what  is  your  opinion  on  the  severity  of 
these  cuts? 

Admiral  Watkins.  Well,  having  lived  in  the  oceans  for  37  years 
in  the  Navy,  both  on  it  and  under  it,  and  having  watched  us  win 
the  Cold  War,  in  my  opinion,  because  of  our  incredible  science  and 
technology  base  in  this  country  and  what  we  did  to  lay  out  a  strat- 
egy against  the  Evil  Empire  that  clearly  brought  them  to  their 
knees,  I  know  how  powerful  the  oceans  are — in  transportation,  in 
the  very  threat  of  El  Nino  alone,  for  example,  where  NOAA  has 
done  a  tremendous  job  in  giving  us  some  kind  of  a  model  to  predict. 

That's  not  just  for  coastal  hazards  and  humans.  That's  also  for 
agriculture.  It's  also  for  water  management.  It's  also  for  predicting 
where  is  our  airstream  going  to  go  in  the  winter  months. 

Do  we  position  our  energy  supplies  properly?  There's  a  whole 
host  of  reasons  why  we  need  to  know  about  an  interannual  or  even 
seasonal  projection  of  climate. 

That's  going  to  come  from  the  oceans.  There  are  very  few  people 
in  this  country  that  understand  that  oceans  drive  the  climate,  i^d 
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in  the  Arctic,  the  heartpump  of  the  world,  we  know  very  Httle 
about  it. 

The  Navy  probably  knows  more  about  the  Arctic  than  any  other 
community. 

We  need  to  share  that  data.  We  need  to  get  it  out.  We  need  to 
really  understand  it,  or  we're  not  going  to  know  what  natural  vari- 
ability is  in  all  this  clamor  here  on  Capitol  Hill  on  whether  it's  sin- 
thropogenic  or  not,  whether  it's  man-created. 

We're  got  to  really  understand  nature,  and  we  don't.  We've  un- 
derserved  the  nation's  oceans  for  a  long  time.  We  are  in  a  malaise 
because  the  Evil  Empire  was  driving  40  percent  of  the  entire  in- 
vestment in  R&D  and  the  oceans  within  the  Navy. 

Now  that's  not  the  case.  The^ve  been  cut  in  half.  The/re  only 
20  percent  now.  NSF  has  the  largest  portion  of  the  responsibility. 

So  we  have  to  regroup  our  thinking. 

And  I  think  it's  very  important  that  we  listen  to  people  like  the 
National  Academy  of  Sciences,  who  just  put  out  a  report,  and  I 
think  that  Bruce  Alberts  talked  about  it  today.  Allocating  federal 
funds  for  science  and  technology. 

And  what  they're  saying  is,  let's  have  a  new  way  of  doing  busi- 
ness about  this.  Let's  don't  talk  about  R&D  and  put  it  together  at 
a  $70-billion  level  for  the  Federal  Government  when  we're  putting 
$14  billion  into  research,  not  $70  billion.  A  lot  of  that  is  "D,"  it's 
not  "R." 

And  so  we  have  to  understand  what  we're  doing  here.  A  lot  of 
that  is  test  and  development  in  the  military.  Very  important.  I'm 
not  degrading  that.  But  we  have  to  understand  what  we're  doing. 

And  they're  saying,  let's  tell  Congress  what  we're  doing  in 
science  and  technology  and  let's  get  into  themes  that  we  want  to 
be  pre-eminent  in  the  world  in. 

And  this  is  one  of  them,  in  my  opinion. 

Mr.  ROEMER.  I  would  interpret  your  answer  to  say  that  you're 
very  concerned  about  these. 

Admiral  W^ATKINS.  Strong  letter  follows,  yes. 

[Laughter.] 

Mr.  RoEMER.  Good.  Let  me  ask  a  follow-up  question. 

We've  heard  very  good  testimony  about  what  some  of  these  re- 
search vessels  have  been  able  to  accomplish,  what  satellites  have 
been  able  to  accomplish. 

Dr.  Ballard  talked  about  JASON  and  ARGO,  although  they 
might  not  fall  into  the  same  category  in  terms  of  cost.  The  ones 
that  I  mentioned  up  front  are  very  costly  and  expensive  tech- 
nologies. 

How  do  we  better  coordinate  these  disparate  services  so,  as  Ad- 
miral Boorda  talked  about  cooperation  in  the  academic  life  and  in 
our  university  life,  how  do  we  come  up  with  enough  capital  funding 
to  continue  to  buy  satellites,  to  buy  research  vessels,  to  produce  the 
next  generation  of  JASONs  and  ARGOs? 

What  ideas  might  the  panel  have  in  that  area?  Let  me  start  with 
you.  Dr.  Ballard. 

Dr.  Ballard.  Well,  in  fact,  development  of  the  ARGO/JASON 
system  was  a  Cold  War  development  effort.  It  v/as  funded  by  the 
United  States  Navy,  the  Office  of  Naval  Research,  the  Office  of 
Naval  Technology,  and  tremendously  augmented  by  the  operational 
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Navy  that  had  specific  missions  that  needed  this  kind  of  technology 
base. 

I  think  it's  important,  too,  to  point  out  that  in  that  particular 
technology  which  was  developed  by  the  Navy,  it  has  now  been 
transitioned  from  the  Navy  to  the  operational  side  of  the  academic 
community  and  the  academic  community  now  has  full  access. 

It's  a  very  wonderful  example  of  cooperative  work,  where  the  Na- 
tional Science  Foundation  is  now  funding  research  using  those  as- 
sets. 

I  think,  though,  it's  a  very  important  point  to  point  out,  is  that 
we're  not  as  technology-limited  as  we  were  ten  years  ago  or  15 
years  ago. 

To  me,  one  of  the  biggest  concerns  I  see  is  the  ability  to  go  to 
sea.  What's  the  sense  of  having  all  of  these  assets?  What's  the 
sense  of  having  all  of  this  technology  if  we're  going  to  see  less  than 
we  used  to  go  to  sea? 

I  certainly  know  in  the  30  years  that  I've  been  on  the  Woods 
Hole  Oceanographic  Institution,  we're  not  as  a  scientist  at  that  in- 
stitution going  to  sea  as  much  as  we  used  to  be  because  it's  becom- 
ing more  and  more  difficult  to  get  into  the  ocean. 

And  so  I  think  it's  very  important  to  make  sure  that  we're  main- 
taining an  oceanographic  fleet  that  lets  us  get  out  there.  At  any 
one  time,  I  think  that  presently,  there  are  four  manned  assets  in 
the  world  that  can  reach  the  average  depth  of  the  ocean. 

Imagine — four  assets  in  the  world  that  can  reach  the  average 
depth  of  the  planet. 

And  so,  on  a  good  day,  you  might  have  12  people  down  there. 
And  so  we  must  move  forward  in  not  only  using  manned  vehicle 
systems,  but  move  into  the  use  of  robotic  systems,  but  use  the  tele- 
communication technology  to  access  this  area. 

And  so  it's  very  important  that  we  are  a  sea-going  research  com- 
munity and  that's  why  ships  and  the  gasoline  that  goes  into  them 
are  very  important  to  us. 

Mr.  ROEMER.  And  your  point  is  that  this  project  was  100  percent 
government-funded,  and  then  only  after  success,  leveraged  private- 
sector  dollars  and  academic  dollars. 

Dr.  Ballard.  Correct.  That's  mostly  in  the  uses  of  it. 

But  if  you  look  at  the  development  of  deep  submergence,  which 
I've  been  a  part  of  my  entire  life,  the  United  States  Navy  has  been 
the  leader  in  the  development  of  deep  submergence  technology,  has 
led  the  way  in  providing  those  capabilities  for  the  academic  com- 
munity. It  was  the  Office  of  Naval  Research  that  made  ALVIN  pos- 
sible many,  many  years  ago.  And  it's  only  after  that  you  can  take 
these  risks  that  have  no  apparent  commercial  value  to  them,  ini- 
tially, that  then  you  can  break  the  groundwork. 

But  I  must  point  out  that  Lewis  and  Clark  had  a  hell  of  a  lot 
of  trouble  getting  money  from  you  gentlemen  as  well,  and  that  ex- 
ploration is  a  very  difficult  process. 

Many  of  us,  if  you  look  at  the  history  of  President  Jefferson,  he 
finally  had  to  use  his  own  money  to  sponsor  Lewis  and  Clark  to 
go  and  look  at  the  Louisiana  Purchase. 

Mr.  ROEMER.  Dr.  Ballard,  I  was  not  here  then. 

[Laughter.] 

There  may  be  other  members  of  this  panel  that  were. 
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[Laughter.] 

Dr.  Ballard.  But  I  simply  want  to  point  out  that  it's  very  impor- 
tant that  we  are  out  there.  We're  not  normally  out  there.  We  don't 
have  gills.  And  we  must  make  sure  that  if  we're  going  to  utilize  the 
ocean,  that  oceanographers  are  able  to  get  in  the  ocean. 

Mr.  ROEMER.  Let  me  just  conclude  with  a  final  question  to  Admi- 
ral Boorda,  if  you  can  just  kind  of  wrap  up  my  limited  questioning 
here. 

How  might  you  help  us  with  suggestions  to  create  better  partner- 
ships between  all  these  agencies  with  a  limited  amount  of  re- 
sources? And  how  might  Congress  respond  with  our  own  reorga- 
nization better  to  that? 

Admiral  Boorda.  I  think  Admiral  Watkins  has  the  right  idea. 
That  isn't  just  because  I  used  to  be  his  executive  assistant.  I  think 
he  has  the  right  idea. 

[Laughter.] 

Admiral  Watkins.  I  have  to — now  it's  a  conflict  of  interest. 

[Laughter.] 

Admiral  Boorda,  I  threatened  him  that  if  he  didn't  testify  prop- 
erly today,  I  would  change  his  fitness  report  that's  sitting  out  at 
St.  Louis  in  the  archives  out  there  when  he  was  a  young  captain 
who  I  trained  as  my  executive  assistant. 

[Laughter.] 

So,  with  that  comment,  you  can  go  ahead. 

[Laughter.] 

Admiral  BoORDA.  I  thank  Admiral  Watkins.  In  fact,  CORE  does 
have  the  right  idea. 

Having  us  meet,  having  the  Navy  have  executive  boards,  having 
hearings  like  this  are  all  helpful.  But  we  need  to  make  this  a  rou- 
tine way  of  doing  business,  where  we  get  together,  work  out  our 
problems,  come  to  you  and  tell  you  what  we  can't  work  out  and 
where  we  need  help,  where  you  think  about  it  in  ways  that  only 
you  can  think  about  it  and  come  to  us  with  guidance  and  help  and 
we  have  a  good  interchange. 

I  don't  think  that  happens  in  an  ad  hoc  way.  I  think  something 
has  to  be  done  to  make  it  more  routine. 

I  was  listening  to  Dr.  Ballard  answer  your  question.  One  of  the 
bad  parts  about  having  so  many  people  come  with  you  is  they  all 
have  things  they  give  you  and  you  can't  possibly  read  them  all  in 
time. 

But  it's  interesting  that  this  whole  list  of  things  I  got,  as  people 
said,  gee,  tell  them  this,  are  things  where  it  is  exactly  opposite, 
where  the  situation  has  shifted  and  the  community  is  no  longer  de- 
pendent upon  us  for  getting  it  started  and  doing  it.  But  we  are  now 
dependent  upon  someone  else  and  worried  about  the  cuts  in  their 
funding. 

So  we're  mutually  interdependent  now.  A  couple  of  these  notes 
I  got  are  interesting  because  they  talk  about  satellites  which  we  no 
longer  control.  We  did  during  the  era  that  Dr.  Ballard  was  talking 
about.  But  now  we've  combined.  And  so  we  take  data  from  DOD, 
the  Air  Force,  and  NOAA.  And  so  cuts  to  NOAA's  satellite  pro- 
grams are  important. 

The  national  data  centers  that  NOAA  runs  are  a  major  source 
of  information  we  need  that  we  put  in  the  Fleet  Numerical  Weath- 
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er  Center — we  call  it  the  MITOC  center  now — out  at  post-graduate 
school.  And  if  that  slows  down,  that's  combat-readiness-related 
stuff  that  I  will  be  back  again  in  another  committee,  in  Congress- 
man Weldon's  committee,  saying,  you  saved  the  money  over  here. 
I  need  this  stuff.  And  I  will  have  to  recreate  it  at  added  cost. 

So  we  are  so  interdependent,  we  need  to  make  these  discussions 
a  routine  way  of  doing  business,  both  in  the  Congress  and  among 
us. 

Mr.  ROEMER.  Thank  you.  Admiral. 

Thank  you,  Mr.  Chairman. 

Mr.  Weldon.  Thank  you,  Mr.  Roemer,  and  that  certainly  is  a  les- 
son that  we  need  to  hear  in  this  Congress,  that  we  don't  need  false 
savings,  that  we  need  to  know  the  long-term  impact  of  decisions  we 
make. 

And  with  that,  we'll  turn  to  the  gentleman  from  Maryland,  Mr. 
Gilchrist. 

Mr.  Gilchrist.  Thank  you,  Mr.  Chairman. 

Admiral  Watkins,  the  suggestion  by  Congressman  Saxton  of  a 
National  Institution  of  Environment  or  perhaps  a  National  Insti- 
tute of  Ocean  Studies  or  something  like  this,  is  that,  in  your  mind, 
something  that's  necessary  as  a  congressionally-  legislated  entity? 

Can  the  Idnd  of  coordination  and  cooperation  that  we're  discuss- 
ing here  take  place  without  that?  Is  the  study  that  you've  given  to 
us  here  something  that  can  happen  without  specific  legislation  to 
create  an  entity? 

How  is  it  best — or  I  might  commit  blasphemy  here,  I  guess,  and 
suggest  a  specific  congressional  committee  dealing  with  oceans  and 
the  atmosphere,  as  a  separate  committee  in  the  Congress. 

How  best  do  we  proceed  on  this? 

Admiral  Watkins.  Well,  I  think  the  very  fact  that  we  have  47 
committees  in  both  houses  of  Congress  dealing  with  the  oceans,  we 
have  nine  federal  agencies  who  came  up  their  own  routes  knowing 
that  the  oceans  were  important  to  their  missions,  tells  us  that  we 
have  the  right  debate  going  on  here  this  morning. 

And  I  believe  there  are  things  that  we  can  do  right  now.  We 
don't  need  legislation  for  you  all  to  hold  an  annual  hearing,  by  joint 
committees  of  Congress. 

What  we're  trying  to  do  is  say,  don't  let  it  go.  Don't  let  it  go 
again  for  25  years,  as  we  have  before.  Let's  put  what  we're  practic- 
ing today  into  being  and  let's  say  that  we  agree  that  there  should 
be  an  ocean  partnership  act  and  that  the  Congress  will  be  a  mem- 
ber of  that  partnership. 

We  cannot  do  it  alone.  You  can't  chastise  the  Executive  Branch 
for  not  coming  together  if  the  Congress  doesn't  come  together  be- 
cause if  you  pull  out  Mission  to  Planet  Earth  funding,  for  example, 
for  NASA,  we  all  get  impacted.  It  isn't  just  NASA.  It's  the  rest  of 
us. 

If  we  don't  give  the  right  amount  to  the  National  Science  Foun- 
dation to  do  the  kind  of  extramural  research,  it  won't  get  done. 

And  so,  we  can  do  these  things  without  legislation  that  I'm  talk- 
ing about.  I  believe  legislation  is  important  to  get  the  visibility  and 
to  encourage  your  Senate  counterpart  to  do  the  same  thing. 

When  we  had  the  Joint  Committee  on  Atomic  Energy,  we  had  a 
body  of  people  for  years  who  up  in  the  Congress  knew  what  they 
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were  talking  about  on  things  atomic.  They  really  did — the  Jacksons 
and  those  people  were  terrific.  And  the  chairmen  of  the  committees 
over  here  that  were  members  of  that  joint  committee,  they  were 
powerful  and  they  moved  things. 

So  if  we  want  to  move  something,  then  at  least  at  some  point  the 
kind  of  notables  that  you  have  up  here  today,  the  top  agency  heads 
coming  before  you  and  talking  about  it  in  broad  terms  is  critically 
important  as  those  47  subcommittees — appropriations  and  author- 
izations and  so  forth — review  those  individual  programs,  and  we 
ought  to  star  those  things  that  are  cross-cutting. 

And  please  don't  take  them  out  over  in  one  committee  to  save  a 
dollar  when,  in  fact,  you  impact  on  all  nine  of  us,  and  the  academic 
institutions  in  the  process. 

So  I  believe  that — I  don't  know  about  the  aquatic  institute.  I 
haven't  reviewed  that.  I  don't  really  understand  it  yet.  I'd  have  to 
understand  that.  But  I  believe  there  are  things  we  need  to  do  now 
while  weighing  the  debate  on  that  kind  of  an  approach,  the  NIH 
equivalent,  if  you  will.  That  could  come  a  little  later,  I  think,  and 
it  needs  a  lot  of  thought  and  a  lot  of  addressing  on  how  that  would 
work. 

I  just  haven't  reviewed  that  proposed  legislation. 

I  think  what  we're  talking  about  is  something  in  FY  '96  to  pre- 
pare for  the  FY  '97  budget,  where  we  can  say  to  you,  we  need  cer- 
tain access  to  data  that  we  share,  all  nine  agencies  share,  and  the 
academic  institutions  contribute  to  and  the  private  sector  needs. 

We  have  needs  in  the  area  of  people  and  education  that  are 
cross-cutting  across  all  these  things.  We  need  people  in  marine  pol- 
icy. We  can't  throw  away  our  master's  degree  in  oceanography  as 
we  do  today.  We  need  them  in  industry. 

So  we  need  your  help  in  just  a  simple  way.  If  you'll  just  agree 
to  do  this  once  a  year,  you'll  go  a  long  way. 

Mr.  Gilchrist.  I  think  we  want  to  agree  to  do  this  once  a  year. 
I  think  we're  touching  on  maybe  the  heart  of  the  problem  and  Dr. 
Frosch  touched  on  it  a  little  bit  before,  about  we  have  all  this 
science  out  here  and  we  have  all  of  this  knowledge.  We  have  all 
of  this  expertise  here. 

And  if  we  said  this  was  going  to  be  a  hearing  on  Whitewater  or 
the  travel  office,  the  place  would  be  filled  with  reporters  and  filled 
with  cameras.  And  yet,  that  has  absolutely  nothing  to  do  with  the 
survival  of  the  planet. 

And  here  we  have  one  of  the  most  important  topics  that  we  can 
even  discuss,  and  you  don't  even  see  a  lot  of  members  here. 

Dr.  Frosch  made  a  comment  about  you  have  all  of  this  science. 
How  do  you  get  it  to  the  planning  and  zoning  commissioner  of  a 
particular  town  that  lives  on  the  coast  so  he  doesn't  have  construc- 
tion take  place  on  a  critical  spawning  area  for  certain  kinds  of  fish? 

They  don't  ever  get. 

I  had  a  lot  of  questions,  too,  and  I  want  to  make  a  comment 
about  how  NOAA  and  the  Navy  coordinates  their  activities  with 
their  fleet  and  how  important  the  NOAA  fleet  is  with  the  naval 
vessels  that  are  doing  similar  research. 

But  I  think  what  is  critical  for  us  here,  and  I  think  you've  hit 
the  nail  on  the  head,  we  don't  need  a  lot  more  legislation  that's 
going  to  get  lost  in  the  archives  of  the  Library  of  Congress.  But  our 
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stress  has  to  be  on  the  critical  nature  of  the  value  of  the  oceans 
to  the  quality  of  life. 

We  just  don't  want  to  survive  as  human  beings  on  the  planet.  We 
want  to  have  some  sense  of  living. 

And  Dr.  Ballard  made  a  comment  about  it's  great  to  go  into 
space,  and  I  think  we  should  continue  to  go  into  space.  But  we  on 
the  earth,  even  with  the  oceans,  to  a  large  degree,  have  no  more 
frontiers.  We  can't  expand  into  what  Lewis  and  Clark  explored. 
Our  last  frontier  is  our  intellectual  battle  to  survive. 

I  don't  mean  to  go  into — I  apologize  for  this  platform  here. 

[Laughter.] 

So  I  think  it's  critical  for  us  to  maybe  continue  to  correspond  on 
a  regular  basis  with  each  of  you  so  that  the  next  time  we  do  this, 
if  we're  all  here  next  year,  or  whoever  is  here,  that  we  can  get  this 
thing  so  prepared  and  have  some  sense  of  depth  of  the  dimension 
of  the  problem  that  we're  talking  about  so  this  place  will  not  only 
be  filled  with  your  staff,  but  it  will  be  filled  with  people  wanting 
to  know  more  about  what  the  problem  is. 

And  we  have  to  create,  it  seems  to  me,  an  entity  that  can  focus 
on  that.  If  it's  too  watered  down — you  know,  the  reality  of  the  guy, 
the  county  commissioner  or  the  mayor  or  the  planning  and  zoning 
fellow  is  that  there's  a  lot  of  them.  They  don't  quite  get  the  infor- 
mation. They  have  a  lot  of  problems.  The/re  focusing  on  taxes. 
They're  focusing  on  snow  removal.  They're  focusing  on  sewage. 
They're  focusing  on  their  bad  marriage.  All  these  thJngs. 

We've  got  to  focus.  We  have  to  have  some  entity,  it  seems  to  me, 
in  Congress  that  can  on  a  regular  basis — and  these  hearings  in 
these  other  areas  need  to  take  place.  But  the  reality  of  this  place, 
unless  there's  a  powerful  focus  that  can  shake  loose  some  of  the 
dust,  not  much  happens. 

And  I  apologize,  Mr.  Chairman,  for  that.  I'll  have  to  send  my 
questions  to  these  gentlemen. 

[Laughter.] 

Mr.  Weldon.  No,  your  points  are  well  made,  and  that's  the  basic 
problem  we're  trying  to  deal  with,  is  bringing  it  together  to  provide 
that  new  focus.  And  I  think  it's  up  to  each  of  us  to  make  it  happen. 

You've  got  assembled  here  an  historic  panel  that  I  don't  know 
has  ever  been  assembled  before,  at  least  in  recent  times.  Now  it's 
up  to  us  to  play  our  role  in  the  Congress. 

I  look  around  the  Science  Committee  room  here,  which  I'm  a 
member  of.  I  don't  see  anj^hing  relative  to  the  oceans.  I  see  a  lot 
of  outer  space  models  and  things  about  what  we're  doing  in  outer 
space.  I  don't  see  anything  talking  about — I  don't  see  a  model  of 
our  undersea  activity. 

It's  our  own  I  think  effort  that  we've  got  to  try  to  change  in  the 
Congress. 

So  I  think  looking  for  answers  outside  of  the  Congress  is  part  of 
the  problem.  But  I  think  looking  within  the  Congress  is  the  major 
problem. 

If  we  get  together  and  push  this  issue,  we  can  make  it  happen. 
We've  done  that  in  a  number  of  issues.  With  people  like  you  and 
the  other  members  here,  I'm  optimistic  that  we'll  be  successful. 

Did  you  want  to  respond,  anyone,  to  Mr.  Gilchrist's  comments? 

Dr.  Frosh,  and  then  Dr.  Alberts. 
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Dr.  Frosch.  I  only  wanted  to  reinforce  the  comment  that  the 
abiUty  of  the  federal  agencies  to  cooperate  and  work  together  on  a 
problem  that  covers  all  of  them,  or  msmy  of  them,  is  a  reflection 
of  the  ability  of  the  Congress  to  give  them  authorization  and  guid- 
ance in  a  way  which  is  comprehensive  across  the  problem. 

That  m.ay  require  an  institution  or  it  may  require  some  special 
handling.  But  the  difficulty  has  frequently  been  that  each  agency 
gets  its  direction  and  instructions  from  a  different  committee  and 
a  different  subcommittee  for  which  there  is  no  mechanism  of  co- 
ordination. 

So  they  get  separate  instructions  and  when  they  try  to  coordi- 
nate, they  sometimes  run  into  real  difficulty. 

I  think  this  is  a  very  important  point. 

Mr.  Weldon.  Good  point.  Dr.  Alberts? 

Dr.  Alberts.  I  just  want  to  make  the  point — I  don't  want  to  com- 
ment specifically  on  the  new  national  institute,  but  I  don't  think 
this  can  be  done  only  by  government. 

Part  of  the  message  here  is  we  need  to  get  the  user  community, 
people  in  academia  who  are  experts,  people  in  private  industry,  to 
be  an  important  part  of  this  process. 

I  think  that's  the  way  you  get  people  to  cooperate.  You  need 
some  outside — both  the  infonnation  they  bring  and  the  pressure 
they  put  on  are  sort  of  inertial  mechanisms  in  government  to  make 
things  change. 

So  I  think,  no  matter  what  kind  of  government  structures  you 
need,  you  need  these  partnerships  with  the  private  sector  and  with 
academic  institutions  to  be  stronger  and  to  be  informing  this  proc- 
ess. 

With  regard  to  the  issue  of  the  person  on  the  coast  who  needs 
the  information,  I  think  we  have  a  brand  new  tool  we  should  be 
thinking  much  more  seriously  about,  and  that's,  of  course,  the 
World  Wide  Web. 

We  now  use  it  for  E-mail  and  there's  a  lot  of  junk  on  there.  But 
we  have  to  think  as  a  community  about  setting  up  specific  plat- 
forms which  will  be  useful  to  those  very  people  you're  talking  about 
which  will  connect  them. 

We  have  the  opportunity  now  to  connect  them  to  information  and 
to  people  directly  in  ways  we  never  have  been  able  to  do  before. 

I  think  the  scientific  community  in  general  has  to  work  with  all 
of  the  agencies  to  try  to  think  through  this  smd  how  can  we  get  this 
information  accessible  to  the  whole  country  and  everybody  who 
pays  for  it  and  everybody  who  needs  it. 

And  conversely,  how  can  we  feed  their  ideas  through  the  same 
mechanisms  to  government  about  things  that  they  need? 

We  have  a  great  way  of  communicating  that  we  haven't  even 
begun  to  exploit. 

Mr.  Weldon.  Thank  you  for  your  comments. 

I  think,  along  that  line,  in  terms  of  provoking  the  private  sector, 
I  would  agree  with  you  totally. 

I  can  recall  in  the  ten  years  I've  been  in  this  city  that  we've  seen 
a  number  of  shows  and  demonstrations  of  technology  relative  to 
outer  space  in  the  Cannon  Caucus  Room  and  the  Capitol.  I  don't 
remember  any  really  kind  of  public  demonstration  of  what  we've 
done  in  terms  of  the  oceans. 
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Maybe  we've  got  to  get  a  couple  of  members  of  Congress  to  go 
down  in  ALVTN  or  in  one  of  the  undersea  research  vessels.  And 
some  might  argue  that  we  should  leave  them  there.  But 

[Laughter.] 

Mr.  Weldon.  I  would  not  go  that  far. 

[Laughter.] 

Mr.  Weldon.  But  I  think  we've  got  to  do  more  to  promote  in  a 
very  visible  way  what  you're  all  doing  and  perhaps  take  for  grant- 
ed. But  we  deal  in  perceptions  here  and  the  perception  has  not 
been  raised  yet  on  the  issue  of  ocean  research  perhaps  to  the  level 
it  should  be. 

I'm  taking  time,  so  I'll  now  defer  to  my  good  friend  and  colleague, 
Mr.  Bateman. 

Mr.  Bateman.  Thank  you,  Mr.  Chairman,  and  a  very  special 
thanks  to  the  panel.  You've  done,  I  think,  a  very,  very  constructive 
job  in  helping  us  focus  on  something  that  is  of  vital  national  con- 
cern and  something  that  the  Congress  needs  to  truly  do  a  better 
job  of  focusing  on. 

Dr.  BEiker,  I  want  to  paraphrase,  if  I  may,  Daniel  Webster.  It's 
a  small  program,  but  there  are  those  who  love  it.  I'm  referring  to 
the  oyster  disease  research  program,  which  wasn't  included  for 
funding  in  the  FY  '96  budget. 

It  is  a  program  of  very,  very  significant  importance  to  not  only 
the  problem  of  the  world  food  supply,  bearing  in  mind  that  oyster 
production  in  the  Chesapeake  Bay  and  its  tributaries  has  declined 
by  200,  300  percent,  and  seems  to  still  be  going  down. 

There  was  and  is  an  ongoing  oyster  disease  research  program 
that  focuses  on  dermo  and  MSX  and  the  other  diseases  to  which 
the  oysters  have  been  preyed  upon. 

I  would  hope  that  the  FY  '97  budget  would  recognize  the  impor- 
tance of  this  program  and  that  there  would  be  a  plan  of  continued 
support  for  oyster  disease  research  through  the  Sea  Grant  Program 
or  any  other  programs. 

It  is  just  too  important,  not  just  in  terms  of  long-range  food  sup- 
ply, but  certainly  in  terms  of  the  economies  of  the  people  who  have 
har\'ested  those  oysters,  who  have  packed  and  processed  and  mar- 
keted them. 

It  really  represents  severe  economic  distress  to  these  people.  The 
oyster  disease  research  needs  to  be  continued  and  is  showing  prom- 
ise. 

So  I  hope  that  NOAA  will  focus  upon  that  and  find  the  capability 
to  continue  planned  funding  for  it  in  FY  '97. 

I  appreciate  the  fact  that  we  have  a  common  enemy  of  all  good 
programs  and  that's  the  Office  of  Management  and  Budget.  But 
within  your  constraints,  I  hope  you  will  see  fit  to  support  it. 

Another  thing  I'd  like  to  comment  on  is  back  in  the  late  '80s, 
there  was  a  concern  in  the  old  Merchant  Marine  and  Fisheries 
Committee,  of  which  I  was  a  member,  about  the  NOAA  research 
fleet  and  the  need  to  modernize  and  upgrade  it.  And  in  1990,  we 
passed  a  NOAA  fleet  modernization  act,  after  a  report  from  NOAA. 

We  don't  seem  to  have  gotten  very  far  on  that.  One  of  the  things 
that  we  mandated  was  a  NOAA  study  and  program  for  the  mod- 
ernization of  the  NOAA  fleet. 
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We  got  the  report.  We  got  the  study,  but  not  on  your  watch,  but 
your  predecessor's.  It  never  even  got  included  in  any  budget  sub- 
mission. 

You  made  reference  in  your  earher  statement  that  you  do  have 
a  revised,  updated  program.  I  hope  that  program  is  one  which  we 
will  see  evidences  of  and  support  for  in  your  budget  submissions 
and  that  we'll  be  in  a  position  to  help  you  make  those  things  hap- 
pen. 

Dr.  Baker.  Thank  you,  Congressman  Bateman.  I  will  look  at  the 
oyster  disease  program.  That  has  been  an  important  program.  It's 
one  that  we  will  certainly  be  looking  at  in  the  FY  '97  budget  proc- 
ess. 

On  the  fleet  modernization  program,  as  you  know,  there  was  a 
program  that  was  put  together  earlier  by  NOAA.  The  cost  of  that 
program  was  about  $2  billion.  It  was  my  view,  and  I  was  encour- 
aged in  this  view  by  many  members  of  Congress,  that  that  was 
probably  too  expensive  for  us  to  handle  in  the  current  budget  con- 
text. 

We  currently  have  a  plan  that  is  less  than  half  of  that.  It  still 
costs  money  to  replace  ships,  however  you  do  it,  whether  you  buy 
new  ones  or  you  contract  out.  But  less  than  half  of  that  cost. 

And  as  I  said,  it  gives  us  a  mixture  of  in-house,  private-sector, 
and  academia,  and  it  allows  us  to  look  at  the  cheapest  alternatives 
of  each  way  we  go. 

We're  working  that  through  0MB  at  the  moment.  Once  we  have 
approval,  you'll  be  seeing  that.  We  have  been  able  to  brief  staff  on 
some  of  the  details  of  it  and  we'll  keep  you  informed. 

Mr.  Weldon.  Thank  you,  Mr.  Bateman. 

Our  next  questioner,  Mr.  Kennedy. 

Mr.  Kennedy.  Thank  you,  Mr.  Chairman. 

I  just  want  to  echo  what's  been  said  a  couple  of  times  here  in 
different  ways.  And  that  is,  I  think  the  problem  for  the  public  in 
embracing  the  importance  of  this  issue  is  that  the  knowledge  is  so 
diffuse  and  its  impact  is  so  real.  But  we  have  yet  to  be  able  to  tar- 
get it  and  be  able  to  answer  some  very  specific  questions. 

Now,  when  I  was  asking  Dean  Lynon  from  the  University  of 
Rhode  Island  School  of  Oceanography  the  other  day,  why  can't  the 
scientists  and  academicians  come  up  with  a  way  of  hitting  us  be- 
tween the  eyes  with  the  significance  of  the  oceans  and  the  survival 
of  the  planet  and  both  measuring  global  warming  and  identifying 
the  fact  that,  with  the  growing  population,  as  Dr.  Ballard  was  say- 
ing, the  reliance  on  seafood  is  going  to  grow,  and  the  availability 
of  our  natural  resources  to  sustain  an  adequate  supply  of  seafood 
is  going  to  diminish  correspondingly  as  the  population  grows. 

What  are  we  going  to  do  to  manage  all  of  these  resources  that 
are  becoming  so  finite  and  precious? 

We  need  to  be  able  to  have  predictions  and  predictive  models 
that  unless  we  do  X,  Y  is  going  to  happen.  And  the  difficulty  with 
science  is  that  everything  has  to  be  down  to  the — the  correlation 
has  to  be  so  specific.  As  Dr.  Ballard  was  saying,  some  of  these  cy- 
cles with  fish  populations  are  natural,  some  of  them  are  man-made. 

We  need  to  be  able  to  distinguish  the  diff'erence  between  the  two 
so  we  know  what  part  of  it  we  contribute  to. 
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So  I  think,  with  all  that  is  being  said,  hopefully,  with  this  new 
clearinghouse,  and  I  fully  support  the  concept  that's  been  outlined 
by  Admiral  Watkins  in  terms  of  the  ocean  partnership  act,  we'll 
hopefully  be  able  to  cull  all  this  scientific  data  and  make  some  pre- 
dictions. 

Because  unless  we  do  that,  the  political  capital  that's  going  to  be 
able  to  be  leveraged  to  support  initiatives  that  we're  talking  about 
here  is  not  going  to  be  here. 

It's  already  been  testified  to,  that  fact,  today  in  the  hearing.  If 
it  weren't  for  the  Navy  and  the  necessity  of  the  Navy  to  test  acous- 
tics and  sonar  rays  and  to  be  able  to  research  the  oceanographic 
and  the  seabed  because  of  the  threat  of  nuclear  submarines  and  so 
forth,  a  lot  of  this  research  wouldn't  happen. 

And  to  answer  Congressman  Roemer's  question  about  how  are 
we  going  to  drive  this,  fortunately  or  unfortunately,  a  lot  of  it  is 
going  to  be  driven  most  directly  by  our  national  security. 

And  that's  where  I'm  encouraged  by  the  fact  that  now  our  chal- 
lenge in  the  littoral  warfare  environment  is  the  coastal  zone.  It's 
the  exact  area  that  we  need  to  focus  most  on,  environmentally. 

So  if  it  has  to  be  the  Navy  that  fields  the  unmanned  underwater 
vehicles  or  the  kinds  of  tools  that  allow  us  to  cull  this  science,  so 
be  it.  But  we've  learned  here  today  that  that  research  that  the 
Navy  undertakes  has  a  broad  range  of  applicability  to  the  broader 
environment.  And  vice  versa. 

So  I  think  what  we've  heard  today  is  a  beautiful  explanation 
from  all  the  panelists  about  the  need  for  this  Ocean  Partnership 
Act  because  if  the  Navy  diminishes  its  research  in  one  area,  obvi- 
ously, it's  playing  that  shell  game. 

Just  two  years  ago,  the  Congress  had  the  big  debate  on  our 
health  care  industry.  There  was  a  lot  of  talk  about  global  budget- 
ing. 

Well,  if  there's  ever  an  area  where  this  shell  game  will  be  a  law 
of  diminishing  returns  if  it's  not  put  into  this  global  budgeting,  it's 
this  area  of  the  environment.  How  do  we  take  all  this  science  and 
make  it  help  itself  in  an  interdependent  way? 

So  I  would  like  the  panelists  to  comment  on  maybe  the  law  of 
the  sea  because  that's  now  something  that's  relevant  in  discussing 
the  need  for  us  not  only  to  cull  all  our  resources  on  a  national  basis 
within  our  own  country,  but  also  internationally,  how  they  see  the 
law  of  the  sea  figuring  in  this  discussion  that  we're  having. 

If  I  could  turn  it  back  to  the  panelists. 

Mr.  Weldon.  Whoever  would  like  to  respond — Admiral  Boorda 
and  then  Dr.  Alberts. 

Admiral  BoORDA.  For  the  military,  you  could  not  have  found  a 
more  complex  question  to  ask  when  you  began  to  ask  about  law  of 
the  sea. 

Mr.  Kennedy.  I  heard  myself  starting  to  sound  like  Congress- 
man Gilchrist.  Both  of  us  have  a  lot  we  want  to  say,  as  well  as  the 
Chairman,  and  we  get  off  on  our  own  tangents. 

Admiral  BooRDA.  We  have  a  lot  of  lawyers  in  the  Department  of 
Defense  and  the  Department  of  State.  I  have  two  in  my  family  and 
that's  not  even  enough  to  solve  this  problem. 

It  is  basically  interpretations  of  what  that  law  means  in  the  pri- 
vate sector.  But  in  the  military  sector,  under  the  current  conven- 


168 

tions  and  under  the  law  of  the  sea,  we  have  some  freedoms  that 
we  don't  want  to  lose,  where  we  may  operate — and  it's  different 
with  different  countries.  It's  different  in  different  places.  It  is  very 
complex,  depending  on  how  you  draw  baselines  and  other  things. 

The  one  thing  we  want  to  be  sure  of  in  defense  is  that  we  don't 
lose  the  prerogatives  and  the  abilities  that  we  have  because  to 
work  off  those  240  ship-years  requires  that  we  continue  to  have  the 
ability  to  get  where  we  need  to  get  with,  and  sometimes  without, 
the  permission  of  coastal  states. 

So  it  is  a  difficult  problem. 

There  is  some  work  under  the  law  of  the  sea  and  under  current 
law  that  only  we  can  do.  And  so  we  need  to  be  sure  that  we  are 
the  ones  that  are  doing  it. 

When  a  university  tries  to  do  it,  when  NOAA  would  try  to  do  it 
or  someone  else,  it  would  not  be  possible.  And  I  don't  see  that 
changing. 

We  are,  and  I  think  it's  somewhat  related  to  your  question,  we 
are  upgrading  other  agencies,  other  people,  to  be  able  to  do  the 
work  that  they  can  do.  We're  trying  to  help  with  that  so  that  we 
don't  have  to  do  it  all. 

For  example,  we've  delivered  six  new  ships  to  universities  in  the 
not  too  distant  past.  As  we've  downsized  our  Navy  in  some  of  the 
things  we  do,  some  of  the  shipbuilding  that  was  pretty  far  along 
in  these  kinds  of  ships  have  been  turned  over  to  people  who  can 
do  good  work  in  areas  that  Mr.  Kennedy  is  talking  about.  And  we 
obviously  don't  want  to  work  off  our  coasts  right  now.  We  have 
other  places  to  work. 

So  I  think  you're  on  to  something.  I  think  we  need  to  be  very 
careful  about  exactly  who  does  what  because  there  are  some  things 
that  only  some  of  us  can  do. 

I  would  not,  for  example,  want  to  work  in  bays  and  in  coastal 
waters  of  the  United  States.  There's  absolutely  no  reason  for  me  to 
do  that,  and  it  would  use  up  resources  that  I  can  use  better  with 
these  overseas-deployed  eight  ships. 

So  it  is  extremely  complex,  that's  my  point.  And  we  have  to  co- 
ordinate what  we  do  and  we  have  to  get  coordinated  guidance  back 
from  you  so  we  can  do  it. 

Mr.  Kennedy.  Thank  you.  Dr.  Alberts? 

Dr.  Alberts.  Mr.  Kennedy  was  pleading  for  science  and  sci- 
entists to  get  together  and  provide  interpretations  of  what  science 
means  for  people  like  you  and  what  it  means  for  our  nation. 

I  should  remind  you  that  the  National  Academy  of  Sciences  was 
chartered  by  President  Abraham  Lincoln  to  do  exactly  that.  We  do 
it  with  6000  volunteers,  scientists  and  other  people  working  at  any 
one  time. 

More  specifically  relevant  to  your  point  is  that  last  year  we  saw 
it  was  important  enough  to  deal  with  this  issue  of  sustainable  ma- 
rine fisheries  world-wide,  to  take  nearly  half  a  million  dollars  of 
our  own  endowment  funds  and  investment  in  a  major  study  that 
we  expect  to  be  completed  this  August  on  providing  you  the  kind 
of  advice  that  you're  asking  for  on  the  fisheries  issue. 

And  so  I'm  looking  forward  to  providing  that  to  you  late  this 
summer. 

Mr.  Kennedy.  Thank  you.  I  look  forward  to  receiving  that. 
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Dr.  Ballard? 

Dr.  Ballard.  Relative  to  the  law  of  the  sea  and  from  a  perspec- 
tive that  probably  you're  not  even  thinking  about,  but  in  my  testi- 
mony, I  made  mention  to  how  our  exploration  in  the  deep  sea  is 
discovering  a  tremendous  amount  of  human  history  that  is  pre- 
served in  a  state  of  high  preservation,  much  more  preserved  than 
one  could  imagine. 

When  we  went  to  Guadalcanal,  for  example,  and  found  the  war- 
ships of  that  great  historic  battle,  they  still  have  their  camouflage 
paint.  And  when  we  found  the  BISMARCK,  it  still  has  the  swas- 
tika on  the  bow. 

One  of  the  problems  you  have  is  there's  absolutely  no  law  right 
now  to  protect  ancient  history  beyond  12  miles,  which  is  most  of 
the  world. 

And  so,  one  of  the  concerns  I  have,  as  you  know,  when  we  found 
the  TITANIC,  we  tried  to  protect  it.  We  came  to  the  Congress.  The 
Congress  and  the  Senate  passed  the  TITANIC  Memorial  Act  of 
1986,  which  President  Reagan  signed  into  lav/. 

It  had  absolutely  no  effect  on  preserving  that  ship  from  other 
countries  that  went  out  and  then  completely  tore  it  apart,  and  are 
continuing  to  tear  it  apart. 

The  only  way  we  can  protect  historic  sites,  this  summer,  working 
with  the  Navy,  we  discovered  a  Roman  fleet  in  the  high  seas. 
There's  absolutely  no  protection  of  that  archeological  site,  other 
than  to  not  tell  anyone  about  it,  which  is  quite  a  difficult  thing  for 
a  scientist  to  not  be  able  to  publish  their  result. 

So  I  would  encourage  you  to  have  an  ear  for  future  legislation 
that  deals  with  the  law  of  the  sea  as  it  relates  to  human  history 
as  well  as  natural  resources,  because  I  can  tell  you  that  it's  an  in- 
credible amount  of  history,  more  so  than  I  ever  imagined. 

Mr.  Kennedy.  I  just  want  to  add,  on  the  economic  interests  in- 
volved here,  you  have  one-fourth  of  the  world's  oil  production  off- 
shore. You  have  one-fifth  of  the  world's  protein  come  from  foodstuff. 

So  if  you're  looking  at  food  and  you're  looking  at  energy,  these 
are  two  major  commodities  that  the  world  populations  can  depend 
on.  If  you  don't  have  a  means  to  resolve  a  conflict  of  those  economic 
interests  through  an  international  law  of  the  seas,  that's  where  I 
think  we're  really  going  to  need  to — and  when  I'm  talking  about 
getting  scientists  to  understand  how  they  interrelate,  it's  precisely 
for  the  reason  that  was  mentioned  by  one  of  my  colleagues  m  terms 
of  being  able  to  elucidate  it  so  it  can  be  useful  as  a  management 
tool  to  local  planners,  so  that  we  understand  what  the  impact  of 
one  decision  is  on  another. 

In  Rhode  Island,  we  had  the  worst  air  quality  standards  in  the 
nation.  A  large  part  of  it  was  because  the  wind  was  blowing  up 
from  some  of  my  colleagues'  states  down  south  of  us. 

[Laughter.] 

It's  a  perfect  example.  We  need  to  know  the  interrelation.  We 
had  to  study  the  difference  between  stationary  sources  of  pollution 
through  factories  and  mobile  sources  through  automobiles. 

There  is  such  a  reliance  on  sharing  information  here,  that  we 
can't  be  doing  these  things  in  a  vacuum,  which  is  the  whole  reason 
we're  discussing  this,  is  how  do  we  bring  everyone  into  the  same 
fold. 


170 

So,  again,  I  think  Admiral  Watkins'  proposal  of  bringing  this  to- 
gether in  a  holistic  way  is  something  I  support  and  I  look  forward 
to  supporting.  Admiral,  as  one  member  up  here,  and  I  know  my 
colleagues  on  the  panel  will  look  forward  to  joining  to  do  that  as 
well. 

Mr,  Weldon.  Mr.  Kennedy,  what  state  were  you  referring  to? 

[Laughter.] 

Mr.  Kennedy.  I  won't  say  right  now.  I  beg  your  indulgence. 

[Laughter.] 

Mr.  Weldon.  Ms.  Johnson  is  not  here.  Mr.  Meehan? 

Mr.  Taylor? 

Mr.  Taylor.  Thank  you,  Mr.  Chairman.  I  want  to  thank  the 
panel  for  their  patience  today.  Above  all,  I  want  to  thank  my  con- 
stituent. Admiral  Gaffhey,  for  coming  up  today. 

My  question  is  not  just  directed  to  your  community,  but  what  I 
see  in  the  science,  the  government-sponsored  science  community  in 
general. 

And  that  is  a  great  deal  of  research  that  has  private-sector  uses 
and  applicability.  Somehow,  the  word  just  isn't  passed  to  the  pri- 
vate sector. 

And  in  the  case  of  some  of  the  things  you've  told  me  today,  I 
think  it's  really  ironic  that  I  can  get  a  surplus  Navy  671  engine  or 
a  hatch  or  an  anchorchain,  advertised  throughout  the  country  in 
"Boats  and  Harbors"  and  other  publications.  But  some  of  the  great 
research  you've  done  like  showing  the  correlation  between  thermal 
climes  and  fish  populations 

Down  at  the  NOAA  station  at  the  Stennis  Space  Center,  for  ex- 
ample, they  can  pinpoint  the  ten  most  likely  places  to  catch  tuna 
on  any  given  day,  by  taking  NOAA's  research  together  with  remote 
sensing  from  satellites  and  correlating  the  two. 

I'm  sure  that's  just  one  of  a  thousand  things  that  you  have  dis- 
covered that  somehow  just  isn't  marketed.  And  since  we  are  in  an 
age  of  budget-tightening  where,  especially  with  the  gentleman  to 
my  left  running  things,  they're  a  business-oriented  group.  There's 
nothing  wrong  with  that.  That's  good. 

My  question  is  how,  without  jeopardizing  national  defense,  can 
you  make  some  of  these  things  that  you  have  found  available  to  the 
private  sector  so  that  the  American  citizens  can  get  some  sort  of 
return  on  them? 

And  what  would  be  your  means  of  marketing  this,  or  at  least  let- 
ting people  know  it's  available? 

Dr.  Baker.  Let  me  comment  on  that  because  I  think  that's  a  very 
important  point,  Congressman  Taylor.  And  something  that  we  have 
been  concerned  about  in  this  Administration  is  about  how  we  can 
use  that  kind  of  information  and  how  you  can  make  that  transfer, 
because  there  is  a  lot  of  valuable  information.  But  how  do  you 
make  the  transfer  and  still  preserve  national  security,  is  really  the 
issue? 

One  of  the  things  that  the  Vice  President  did  was  to  continue  to 
encourage  this  group  of  scientists  who  have  all  the  clearances  to 
look  at  the  systems,  and  this  is  DOD  scientists  and  cbnl  scientists 
from  NOAA,  National  Science  Foundation,  and  the  academic  com- 
munity, to  look  at  those  data  sets  and  say,  are  there  some  that  in 
fact  might  be  released,  or  is  there  some  information  in  those  data 
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sets  that  might  be  released  that  could  be  of  value  to  the  academic 
community  and  to  private  industry  because  once  it  gets  out  there, 
they're  going  to  use  it? 

We're  in  the  process  now  of  doing  some  experiments  to  find  out 
whether  that  really  can  be  done.  I  think  this  is  a  very  productive 
activity. 

I  held  up  this  Popular  Science  before  because  I  was  talking  about 
the  Navy's  GEOSAT  program  that  had  been  released.  But  the  cover 
picture  is  actually  the  first  step  on  releasing  some  of  the  classified 
data  from  spy  satellites  that  was  done  from  1960  to  1972,  a  good 
start  on  information  that  is  in  the  intelligence  archives  and  in  fact 
can  be  made  available. 

So  I  think  we  have  a  process  in  place.  We're  doing  it  very  delib- 
erately because  it's  absolutely  essential  that  the  national  security 
interest  be  preserved. 

At  the  same  time,  there's  an  interest  from  both  the  DOD  and  the 
intelligence  community  to  try  make  this  work. 

So  I  think  we're  making  progress. 

Mr.  Taylor.  May  I  interrupt  for  just  one  second? 

It  came  close  to  home.  There's  a  project  to  try  to  get  some  fresh 
water  from  the  Mississippi  River  into  the  Mississippi  Sound  to  get 
the  proper  mix  of  salinity  and  fresh  water  to  produce  oysters, 
amongst  other  things. 

I  really  foimd  it  strange  that  the  Corps  of  Engineers  went  out 
and  contracted  someone  to  drop  something  like  5000  small  balls 
into  the  water  there  so  that  they  could  map  the  flow  of  the  water 
through  Lake  Pontchartrain  into  the  Mississippi  Sound,  when  Ad- 
miral Gaffney's  crew,  using  remote  sensing  from  satellites  and  just 
the  difference  in  temperatures,  could  have  done  it  sitting  at  their 
desks. 

How  can  we  as  a  Congress  expedite  getting  people  to  talk  to  each 
other  in  the  different  various  government  agencies? 

And  again,  I'm  sure  that's  just  one  very  small  example  of  what's 
going  on  every  day. 

Admiral  BooRDA.  It's  probably  a  very  good  example.  I  don't  know 
about  it,  but  Paul  can  talk  about  it  in  a  minute  if  he  wants  to. 

Let  me  tell  you  that  it's  getting  better.  It's  not  fixed.  I  don't  know 
about  a  lot  of  balls  in  the  river.  But  what  I  do  know,  because  we 
don't  work  in  the  river.  We  work  out  away  from  the  United  States. 
That's  our  charter. 

But  we  had,  and  I  think  it's  really  what  we're  looking  at  in  this 
Popular  Science,  we  had  the  GEOSAT  satellite  in  the  '80s.  In  July, 
as  a  result  of  us  all  getting  together,  we  released  all  that  data,  de- 
classified it,  for  scientists,  for  these  agencies,  for  business,  for  any- 
body who  needs  it. 

We're  going  to  launch  a  GEOSAT  follow-on  satellite,  GFO,  this 
next  year.  In  fact,  it  will  be  this  spring.  And  that  might  be  some- 
thing we  can  use  as  an  interest-getter  that  you  talk  about.  I  have 
a  couple  other  things  and  I'll  fold  them  into  this  answer. 

I  don't  know  how  I'll  fit  it,  but  I'll  make  it  work. 

But  that,  with  a  five-  to  eight-year  life  expectancy,  will  do  the  fol- 
lowing things,  and  probably  lots  more,  but  directly  related  to  what 
you're  talking  about. 
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It  is  the  same  as  dropping  millions  of  bath3d:hermograph  devices 
that  tell  us  about  temperature  and  the  thermoclime  and  lots  of 
other  things,  every  day. 

Having  that  one  satellite  for  five  day-years  will  give  us  the  same 
data  as  if  we  dropped  millions  of  those  every  day.  That's  important. 

It  is  the  same  as  having  fleets  of  ships  sailing  the  oceans  of  the 
world  and  reporting  every  day  wave  heights  every  20  kilometers. 
We  have  to  focus  where  we  want  to  look. 

All  this  data,  already  decided  before  we  do  it,  all  this  data  is 
going  to  be  unclassified  and  go  to  the  public. 

Mr.  Taylor.  My  question,  then,  and  Mr.  Chairman,  this  will  be 
my  last  question,  how  do  you  get  that  information  to  the  public, 
Admiral? 

I  know  where  to  buy  a  surplus  Navy  anchor.  Where  does  an  av- 
erage businessman  who's  looking  for  an  opportunity  in  the  next 
century  go  to  get  that  information? 

Admiral  BOORDA.  I  don't  have  the  answer.  Paul,  can  you  help? 

Admxiral  Gaffney.  I'll  try. 

Admiral  BoORDA.  Before  you  do  that,  let  me  just  make  a  couple 
of  offers  here,  though,  because  I'm  not  going  to  get  another  chance, 
I  don't  think. 

In  Congi-essman  Taylor's  district,  we  build  those  ships  I  talked 
about,  those  survey  ships.  This  summer,  two  of  them  will  be  fin- 
ished and  deployed  overseas.  They  won't  be  back.  We  don't  make 
any  progress  in  our  work  by  having  them  back  and  forth  from  the 
United  States.  So  they  stay  over  there  and  we  change  out  the 
crews,  civilian  crews. 

I  will  make  that  information  available  to  the  chairmen  of  all 
three  subcommittees  and  there  is  no  reason  for  people  not  to  go 
down  there  and  get  on  those  ships  and  go  to  sea  and  see  what  they 
can  do  and  report  it  back  to  their  constituents  and  to  the  Congress. 

Mr.  Taylor.  Admiral,  you  might  remind  them  that  Mardi  Gras 
is  less  than  a  month  away. 

Admiral  BoORDA.  No,  sir,  we  don't  do  that  in  the  Navy. 

[Laughter.] 

Mr.  Taylor.  The  opening  of  shrimp  season  in  May. 

[Laughter.] 

Admiral  BooRDA.  I  have  two  other  things  I  want  to  mention. 

We  have  an  ice  camp  this  year  in  the  Arctic.  Admiral  Watkins 
knows  a  lot  about  that.  He  and  I  went  there  together  in  the  April/ 
May  timefi'ame. 

Anybody  that  would  like  to  go  on  this  panel  with  me  I  will  take. 
And  we'll  go  up  to  the  Arctic.  That  is  a  scientific  expedition.  Next 
year  we'll  do  it  again  in  something  called  the  Spinaker  Program  in 
the  spring. 

We  have  to  take  cameras  that  really  don't  have  too  much  oil  in 
them  because  it  freezes.  But  we  can  do  that  on  a  weekend,  believe 
it  or  not.  So  we  leave  on  a  Friday  night,  go  to  the  North  Pole,  and 
be  back  in  time  to  go  to  work  Monday. 

Mr.  Weldon.  Admiral,  if  you  will  give  us  descriptions  of  each  of 
those,  well  get  them  to  all  the  members  and  see  if  we  can  get  some 
member  interest  in  one  or  more  of  those  activities  because  they're 
excellent  suggestions.  (See  Appendix  II,  page  195  for  information 
supplied  by  Admiral  Boorda.) 
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Admiral  BOORDA.  Yes,  sir.  Let  me  turn  it  over  to  Paul  with  the 
specifics  on  the  answer  to  that. 

Admiral  Gaffney.  Mr.  Taylor,  I  think  that  your  charge  is  really 
going  to  be  a  major  issue  and  a  major  goal  for  Admiral  Watkins 
with  his  National  Ocean  Leadership  Council,  is  to  figure  out  how 
to  market  this  information  that  we  have.  It's  got  to  be  a  primary 
goal  of  that  coalescing  of  this  group  in  a  more  formal  way. 

I  will  mention  that,  as  was  mentioned  earlier  today,  the  World 
Wide  Web  is  going  to  be  part  of  the  solution.  Everybody  here  is  on 
it.  There's  a  move  by  the  Office  of  Naval  Research  to  re-establish 
a  bulletin  board  system  that  links  oceanographers  together. 

We  have  just  in  your  district  in  the  last  couple  of  months,  the 
home  page  for  the  Naval  Oceanographic  Office  has  had  11,000  que- 
ries. We  count  every  query  that  comes  in. 

So  the  word  is  getting  out. 

The  MEDEA  group  that  we  talked  about  before,  a  number  of 
cleared  scientists,  several  of  those  people  are  from  industry  as  well 
and  they  are  getting  to  see  exactly  what  we  do. 

So  the  word  is  getting  out  to  them,  to  the  oil  industry  and  to 
other  folks  that  are  interested  in  our  kind  of  information. 

And  I  think  an  important  point  and  something  I  mentioned  in 
the  testimony  is  we  need  to  infect  the  young  folks  in  this  country 
with  our  capabilities  and  with  our  challenges  so  that  they  on  their 
own  will  be  interested  in  coming  and  finding  out  what's  going  on. 

We  need  that  because  we  need  their  talent  in  the  future.  We 
want  to  infect  them. 

So  we  have  a  little  bit  of  a  responsibility  to  education.  Thereby, 
getting  on  the  Internet,  the  World  Wide  Web  and  getting  our  word 
out  is  our  responsibility  to  help  do  that. 

Dr.  Ballard.  I  think  picking  up  on  that  same  note,  I  think 
there's  no  excuse  now,  given  the  development  of  the  information 
highway  and  the  distribution  of  information  for  people  not  to  be 
able  to  get  information. 

I  encourage  all  of  the  members  here  of  the  panel  to  not  only  look 
at  the  distribution  of  data  to  specific  organizations  or  specific  insti- 
tutions, but  to  the  public  at  large. 

There  is  a  proliferation  of  media  organizations  that  are  attempt- 
ing to  present  information  to  the  public  in  digestible  fashion,  to  the 
lay  public.  Certainly,  I  work  a  lot,  for  example,  with  the  Navy  and 
with  CHINFO  to  be  able  to  do  programming  that  can  be  presented 
to  the  lay  public  through  National  Geographic  or  NOVA  or  other 
forms  of  presentations. 

There's  a  tremendous  opportunity  that  is  emerging  with  the  tele- 
communication industry  to  present  oceanographic  information  to 
everybody  in  this  country.  I  just  would  encourage  my  fellow  psmel 
members  to  think  about  how  they  would  not  only  present  it  to  their 
peers,  but  how  would  they  present  it  to  the  farmer  in  Kansas  or 
to  the  school  child  in  Mississippi. 

And  those  opportunities  are  now  here.  It's  a  question  of  whether 
the  scientific  community,  the  military,  or  the  agencies  are  willing 
to  take  the  step  to  translate  it  into  things  that  the  average  person 
can  understand. 

Mr.  Weldon.  Dr.  Frosch? 
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Dr.  Frosch.  I  only  wanted  to  comment  that  making  the  basic 
data  and  information  available  is  only  the  first  step.  That  will  not 
necessarily  produce  a  good  prediction  for  a  tuna  fisherman. 

One  would  hope  that  when  the  data  is  available  and  there's 
clearly  a  market  for  specific  forecasts  and  information,  that  there 
will  be  some  entrepreneurial  activity,  and  as  has  happened  in  other 
such  information  areas,  there  will  be  businesses  put  together  to 
take  the  information  and  provide  forecasts  and  details  for  the  mar- 
ket that  will  use  them. 

But  that  will  only  happen  when  the  information  is  really  avail- 
able and  it's  clear  it's  going  to  go  on  being  available  to  create  such 
a  business. 

Mr.  Weldon.  Mr.  Kennedy? 

Mr.  Kennedy.  Yes.  Mr.  Chairman,  I  just  wanted — in  Rhode  Is- 
land, we  have  an  ocean  technology  center  which  does  much  of  what 
I  think  my  colleague  was  interested  in  doing. 

I'd  be  happy  to  get  more  information  about  that  to  any  of  my 
other  colleagues. 

Mr.  Weldon.  Thank  you,  and  thank  you,  Mr.  Taylor. 

Our  next  questioner  is  the  distinguished  gentleman  from  Califor- 
nia representing  Monterey  Bay,  who  I  understamd  had  a  leadership 
role  in  his  state  in  ocean  research  management. 

So  we're  very  pleased  that  Mr.  Farr  has  been  here  with  us. 

Mr.  Farr.  Thank  you  very  much,  Mr.  Chairman.  I  spent  21  years 
doing  coastal  zone  management  issues  and  I've  been  looking  for- 
ward to  this  day  my  entire  life,  I  think. 

I  hope  that  you'll  follow  up  on  creating  a  task  force  and  I  pledge 
all  the  energy  I  have  in  Congress  to  make  it  work. 

I  would  just  like  to  comment  that  I  think  that  this  issue  is  more 
important  than  space.  We  need  to  make  the  world  know  that.  I 
think  that,  also,  we  need  to  realize  that  all  access  to  the  ocean 
comes  from  the  land.  And  as  others  have  said,  we  need  to  elaborate 
a  more  vertical  integration  between  federal  activities  and  state  and 
local  activities. 

In  the  State  of  California,  while  in  the  legislature,  I  authored  an 
act  called  CORMA — California  Ocean  Resources  Management  Act. 
Governor  Wilson  has  just  released  this  report  by  the  Secretary  of 
Resources  on  California's  ocean  resources,  pointing  out  that  in  Cali- 
fornia, it's  a  $17  billion  industry,  and  equal  in  importance  to  the 
state  as  agriculture.  And  California  is  the  leading  agricultural 
state  in  the  nation. 

The  governance  is  very  interesting  because  we  don't  address 
those  very  often.  But  in  addition  to  the  multiplicity  of  land  jurisdic- 
tions, you  have  complexities  in  our  federal  jurisdictions,  with  the 
Outer  Continental  Shelf  Lands  Act.  We  don't  even  know  where  the 
Outer  Continental  Shelf  boundary  exactly  is  and  it's  not  well  de- 
fined. 

The  Coastal  Zone  Management  Act,  which  can  go  inland  as  well 
as  out  to  sea,  and  how  far  out  hasn't  been  defined  yet.  The  Magnu- 
son  Fisheries  Conservation  Management  Act.  The  National  Envi- 
ronmental Policy  Act.  And  certainly  that  of  the  EEZ,  and  the  zone 
territorial  sea  out  to  200  miles. 
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What  our  group  in  California,  which  is  about  18  different  enti- 
ties, state  and  local,  came  up  with  is  a  whole  bunch  of  chapters, 
but  one  on  ocean  research. 

They  made  recommendations  that  I'd  like  to  ask  the  panel  about. 
One  is  they  said  that  we  really  need  to  have  a  lot  more  collabo- 
rative work  in  mgiking  inventory  of  current  and  recent  ocean  and 
coastal  research. 

We  need  online  computer  services  of  a  central  directory  of  ocean 
educational  programs. 

We  need  to  develop  in  our  academic  universities  ocean  policy  pro- 
grams. 

And  we  need  to  invest  more  money  in  research,  not  just  limited 
to  the  Sea  Grant  Program,  which  helps  our  state  universities. 

And  I'd  like  to  really  ask  Admiral  Watkins,  because  I  really 
thought  your  comments  were — in  politics,  we  like  to  say,  I'd  like  to 
associate  myself  with  that  gentleman's  comments.  After  you  spoke, 
I  just  wanted  to  say,  amen.  You  were  right. 

What  my  question  is  is  how  much  of  this  collaborative  effort  is 
still  locked  up  in  classified  research  that  should  be  shared  more 
with  academia  and  with  our — we're  using — all  of  the  parties  at  the 
table  are  active  on  Monterey  Bay.  We  have  the  Navy.  We  have  the 
University  of  California.  We  have  Stanford  University.  We  have 
David  Packard's  Deep  Ocean  Research  Center.  We  have  NOAA.  We 
have  the  Fleet  Numerical  Center  that  you  talked  about. 

And  the  best  thing  about  it  is  that  they're  all  collaborating  there 
on  Monterey  Bay  and  they're  turning  that  collaboration  into  prod- 
ucts for  the  private  sector.  But  more  importantly,  they're  turning 
it  into  products  for  elementary  school  children  that  are  now  com- 
municating with  ocean  scientists  about  weather  every  day.  In  the 
third  grade,  they've  got  direct  access  to  the  NOAA  weather  sat- 
ellite. 

So  it's  so  exciting  and  so  much  opportunity  because,  indeed,  I 
think  the  answers  for  the  problems  of  mankind  on  land  as  the  pop- 
ulation of  this  world  doubles  are  going  to  be  found  in  the  ocean, 
our  foodstuffs,  our  energy  sources,  and  certainly  our  medical  an- 
swers I  think  to  a  lot  of  biomedicine. 

But  a  lot  of  that  data  is  still  in  somebody's  file.  How  do  we  get 
it  out  of  there? 

Admiral  Watkins.  Well,  I  think  one  of  the  initiatives  that  we 
have  going  in  the  inter-agency  partnership  work  over  the  past  two 
years  was  identified  in  some  of  the  testimony  given  by  the  panel- 
ists here  this  morning. 

The  NAVOCEANO  people  down  at  Bay  St.  Louis  or  down  at 
Stennis  Space  Center,  in  follow-up  to  the  Environmental  Task 
Force  work,  focused  specifically  on  the  ocean  data.  And  they've 
identified  in  a  report,  and  we've  provided  that  to  the  members  up 
here  for  this  hearing,  this  MEDEA  report. 

It  goes  into  scientific  utility  of  naval  environmental  data.  This 
was  put  together  by  very  knowledgeable  people  who  are  cleared 
into  the  highly  classified  areas  and  they're  very  sensitive  to  na- 
tional security. 

They've  identified  areas  that  are  critically  important  to  research- 
ers. They  don't  particularly  focus  on  the  integrated  undersea  sur- 
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veillance  system,  the  component  of  which  is  most  important  to 
them  would  be  the  SOSUS  network,  the  fixed-array  network. 

That's  a  ticklish  area.  The  CNO  is  working  very  hard  to  take  a 
hard  look  at  that  to  see  what  can  be  really  extracted  or  can  be 
sanitized  and  made  available. 

That  is  critically  important. 

They  don't  have  the  money  to  keep  all  these  arrays  alive.  We 
work  with  them — NOAA  triggered  off  an  issue  with  the  Secretary 
of  Defense  last  year  and  we  were  very  much  involved  with  our  aca- 
demic institutions  to  come  together  and  say,  what  do  you  really 
need  the  information  for  from  the  fixed  arrays  that  have  gone  after 
Russian  submarines  all  these  years?  Isn't  that  valuable? 

Well,  of  course  it's  valuable — for  seismic  projections,  for  fisheries 
tracking,  for  a  whole  host  of  things  that  we  don't  even  know  about 
yet,  for  acoustic  thermometry  of  the  oceans. 

How  do  we  really  measure  what  is  happening  in  global  tempera- 
ture? 

Well,  the  greatest  heat  source  in  the  world  is  the  ocean.  And  if 
we  can  monitor  that  and  get  it  down  to  within  two-tenths  of  a  de- 
gree Centigrade,  we  can  really  talk  about  global  warming  and  what 
it's  doing  and  whether  man  is  doing  this  or  whether  nature  is  doing 
it  in  a  much  clearer  way. 

So  that's  just  one  network  alone.  It's  tremendously  valuable.  It's 
a  $16  billion  investment.  And  that  information  needs  to  be  moved. 

The  CNO  has  to  get  into  the  act  himself.  If  it  doesn't,  the  bu- 
reaucratic system  will  give  it  a  30-year  period.  I  don't  think  it  has 
to  be  that  way  with  modern  technology.  We  need  to  look  at  this 
much  more  rapidly  than  we  have  in  the  past. 

When  I  was  CNO  ten  years  ago,  we  could  look  at  things  at  a 
slower  pace.  We  can't  any  more  because  technology  outruns  us. 
And  much  of  the  information  we're  now  classifying,  in  my  opinion, 
has  been  in  the  open  literature  for  years  elsewhere. 

Right  today,  for  example,  we're  what  we  call  dithering  the  GPS 
satellite.  That  means  we're  sending  out  information  that  only  cer- 
tain receivers  can  receive. 

Well,  do  we  need  to  do  that  right  now?  Is  the  world  threat  such 
that  we  can't  allow  that  data  to  go  out? 

I  believe  it  can  go  out. 

Mr.  Farr.  Is  that  an  administrative  decision  or  is  that  one  that 
needs  congressional  authorization? 

Admiral  Watkins.  I  don't  know.  I  don't  want  to  get  into  Sec- 
retary Perry's  business  because  it  may  be  a  very  valid  reason.  It's 
not  clear  to  any  of  our  researchers  that  you  have  to  do  that  because 
there  are  alternatives  means  to  get  that  kind  of  position  accuracy 
that  we  desperately  need  to  do  the  kind  of  work  we  need,  precision 
scientific  work. 

So  I  think  we're  way  behind  the  power  curve  on  trying  to  mod- 
ernize our  way  to  declassify  information  that's  already  out  there 
because  of  modern  technology  leaps  in  the  private  sector,  where 
satellites  today  are  giving  the  kind  of  imagery  that  allowed  the 
CNO  to  downgrade  the  GEOSAT  data  of  earlier  years. 

So  I  think  we've  got  a  lot  to  do  there.  And  I  really  do  believe  that 
the  Department  of  Defense  has  not  been  as  aggressive  as  I  think 
they  could  have  been  under  the  Environmental  Task  Force. 
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WTiether  it's  politically  driven,  whether  there  are  real  issues  out 
there,  I  don't  know.  But  I  do  know  that  the  DCI  took  it  seriously, 
moved  rapidly,  and  was  able  to  dov/ngrade  satellite  information 
very  rapidly,  much  as  the  CNO  has  just  done  recently  on  GEOSAT 
data. 

It's  very  valuable  to  researchers. 

So  I  think  it's  an  important  issue  for  the  National  Security  Sub- 
committee here,  members  of  the  National  Security  Subcommittee, 
to  focus  on  in  their  full  committee  hearings.  And  let's  get  serious 
about  doing  it  in  a  more  accelerated  way  because  we  can  cut  costs 
tremendously.  We  don't  even  know  the  value.  But  we  know  in  just 
that  MEDEA  report  for  Navy  data  or  environmental  data  alone, 
there  is  tremendous  excitement  in  the  research  community  that  if 
we  can  get  this  data,  we  can  do  research  faster,  better,  and  we  can 
avoid  the  kind  of  costs  v/here  we're  now  going  out  individually  and 
trying  to  find  the  alternate  systems. 

Mr.  Farr.  Mr.  Chairman,  this  is  key.  This  is  without  having  to 
spend  any  more  money.  This  is  taking  existing  data  and  existing 
facilities  and  using  them  more  collaboratively. 

Admiral  Watkins.  But  in  all  fairness  to  the  Navy,  I  think  that 
we  did  have  reason  prior  to  the  demise  of  the  Evil  Empire  to  pro- 
tect a  lot  of  that  data  that  I  think  now,  with  a  good  hard  look  by 
technologists  who  really  understand  these  systems  and  what  alter- 
natives are  available  to  the  Ghadaffis  and  Rhafsanjanis  and  the 
North  Koreans  of  the  world,  we  can  still  protect  ourselves  and  do 
the  job  better. 

And  I  think  this  is  one  of  the  areas  where  our  collaboration  has 
focused  and  our  report,  our  report  that  we  just  came  out  with,  fo- 
cuses on  this  as  one  of  the  key  areas  on  declassification,  and  do  it 
sensibly,  but  do  it  more  in  an  institutional  process  with  the  Con- 
gress involved  in  this,  with  intelligence  joint  committees,  whatever 
is  necessary. 

But  move  expeditiously.  We've  really  got  some  leaps  to  make 
here  right  now  and  we're  not  m.oving  fast  enough. 

Mr.  Farr.  Mr.  Chairman,  just  an  anecdote. 

The  Monterey  Bay,  which  has  this  big  submarine  canyon.  It's  as 
big  as  a  Grand  Canyon.  It  goes  down  12,000  feet  and  about  270 
miles  long.  It's  a  mile  offshore. 

DOD  contracted  with  the  academic  community  to  map  it  locally. 
That  information  was  classified.  So  when  David  Packard  opened  up 
his  Deep  Ocean  Research  Center,  the  former  Undersecretary  of  De- 
fense, he  couldn't  get  access  to  the  information  about  mapping  the 
canyon.  He  had  to  go  through  a  real  lengthy  process  back  here  to 
get  it  all  declassified. 

It  was  essentially  data  that  everybody  there  in  the  marine 
science  community  needed  to  have.  Now  we've  got  maps  out  and 
we're  selling  them  to  the  public. 

But  that  kind  of  classification  of  that  material  was  just  ridicu- 
lously private,  I  thought,  in  our  military,  in  a  sense.  So  I  appre- 
ciate that. 

And  lastly,  Dr.  Bsdter,  you  closed  the  office  in  Monterey  that  was 
translating  all  that  data  into  the  private  sector.  How  are  we  going 
to  do  this  dual-use  if  those  types  of  offices,  the  ocean  branches,  the 
ocean  research  branches,  close? 
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Dr.  Baker.  Well,  Congressman  Fair,  I  think  that's  a  good  exam- 
ple of  the  real  tough  choices  that  we  have  today,  with  trying  to 
solve  problems  and  to  do  it  in  a  real  tough  budget  climate. 

We  are  hoping  that  we  can  carry  out  that  activity  and  still  pro- 
vide the  information  that  was  being  developed  out  to  the  public. 

All  of  the  NOAA  information  is  provided  on  the  World  Wide  Web. 
We  are  using,  as  has  been  suggested  here,  we  are  already  doing 
that.  We're  using  all  of  the  technologies  to  get  information  out  to 
the  public.  And  we're  working  very  hard  to  make  sure  that  the  in- 
formation that  that  office  was  providing  is  still  available,  although 
in  a  slightly  different  form. 

And  let  me  say  also,  we  are  making  sure  that  the  Sea  Grant  Pro- 
gram is  adequately  supported  so  it  can  can  carry  out  its  extension 
and  education  programs  because  the  Sea  Grant  Program,  as  a  link 
to  the  public,  is  absolutely  critical. 

Let  me  just  say  one  other  thing  about  our  activities  in  Monterey, 
which  are  very  collaborative  with  the  Navy,  with  the  state  agen- 
cies. You've  been  a  big  help  to  us  in  helping  us  organize  that. 

We've  been  working  with  the  California  Coastal  Commission  to 
look  at  the  Monterey  Bay  watershed  to  understand  the  impacts  of 
land-based  pollutants  on  the  bay.  We  have  a  group  that  is  out 
there  now  under  Bud  Ehler  and  our  National  Ocean  Service  so  that 
we  can  understand  what  the  impacts  of  land-based  pollutants  are 
in  Monterey  Bay  before  the  bay  has  a  problem. 

And  if  we  can  put  those  things  in  place,  that's  a  way  to  make 
it  work. 

And  I  think  this  is  a  very  good  example,  of  your  suggestion  about 
having  a  federal/state/local  cooperative  activity  that  really  helps  us 
make  sure  that  we  can  sustain  economic  development. 

Mr.  Farr.  Thank  you,  Mr.  Chairman.  I  hope  you  invite  this 
whole  committee  out  there  just  so  we  can  have  a  follow-up  with  the 
panelists  and  really  see  what  it's  like  to  apply  all  of  it  in  a  collabo- 
rative way. 

Thank  you. 

Mr.  Weldon.  Thank  you,  Mr.  Farr.  Actually,  in  line  with  your 
suggestion,  we've  already  committed  to  a  West  Coast  briefing  like 
we  had  in  Rhode  Island  on  Monday.  We're  in  the  process  now  of 
getting  a  date  and  a  site,  but  it  will  be  specifically  to  continue  the 
work  that  we've  started  here. 

So  that  commitment  has  already  been  made. 

With  that,  we'll  move  on  to  Mr.  Olver. 

Mr.  Olver.  Thank  you,  Mr.  Chairman. 

I  wonder  if  you'll  get  more  people  for  the  West  Coast  survey  or 
for  the  ice  North  Pole  on  this  spring  which  the  Admiral  had  sug- 
gested would  be  available  to  us. 

[Laughter.] 

I  think  it  would  be  interesting  to  go  back  to  something,  Mr. 
Chairman,  that  you  had  said  about  the  sterility  of  this  room.  And 
it  certainly  is  sterile.  There  is  nothing  to  keep  one  fi-om  going  to 
sleep  sometimes,  at  least  on  the  walls  here. 

It  would  be  interesting  to  see  whether  the  people  who  are  here, 
out  of  all  of  this  data  we  are  now  being  told  is  classified,  and  that 
shouldn't  be  classified  or  doesn't  need  to  be  classified. 


179 

And  by  way,  to  my  colleague  from  California,  I  would  just  like 
to  say,  amen,  again,  because  every  time  Admiral  Watkins  opens  his 
mouth,  it  seems  to  me  that  a  good  deal  of  wisdom  seems  to  come 
out. 

The  last  set  of  things  just  added  to  that,  the  whole  set  of  com- 
ments about  declassified  data. 

But  it  would  be  an  interesting  test  to  see  what  kind  of  declas- 
sified data  we  could  get  that  would  fill  that  wall  over  there  with 
the  best  ocean  floor  mapping  data  that  is  available  at  the  present 
time  from  classified  or  declassified  information. 

And  I  use  the  comment  from  classified  or  declassified  information 
because  I  am  absolutely  fascinated  by  this  set  of  conversations. 
And  I  missed  the  original  testimony.  Quite  often  you  can  read  that 
if  you  ever  have  time. 

But  it's  given  me  time — this  is  a  diversion — given  me  time  to 
look  through  this  document  and  this  document,  which  we  were  all 
given  as  background  for  the  discussion.  And  Admiral  Watkins,  to 
take  away  slightly,  you  said  that  there  are  nine  agencies.  Well, 
there  are  five  of  those  agencies  that  are  listed  here.  There  are  five 
agencies  listed  in  this  MEDEA  document. 

I  looked  through  this  carefully.  I  cannot  find  for  the  life  of  me 
what  MEDEA  is. 

[Laughter.] 

(Clarification  supplied  by  Admiral  Boorda  in  Appendix  II,  page 
196.) 

But  it  suggested  that  there  ought  to  be  inter-agency  collaboration 
among,  in  this  instance,  five  agencies,  not  the  same  five  agencies 
that  are  here.  And  you  mentioned  nine.  So  I'm  still  missing  what 
the  other  three  are  because  none  of  them  are  agencies  which  are 
here  at  the  table.  Except  that  I  do  know  that  NASA  is  not  here  at 
the  table. 

Admiral  Watkins.  They're  here  in  the  room,  though,  Mr.  Olver. 

Mr.  Olver.  Okay.  I'm  sure  they  are.  They're  also  on  the  wall  in 
the  room. 

[Laughter.] 

But  as  a  scientist,  I  get  much  of  my  science  these  days  from  a 
variety  of  magazines  that  come  in.  But  also  the  popularized  science 
section,  say,  of  the  New  York  Times  that  comes  out  every  Monday 
or  Tuesday,  whichever  it  is. 

Three  months  or  so  ago,  there  was  this  wonderful  article  to  me, 
because  I'm  interested  in  geology  although  I  was  a  chemist,  about 
the  seamapping  done  by  NASA.  I  think  it's  been  declassified.  I  be- 
lieve it  was  data  that  was  done  in  the  late  '70s  or  around  1980  or 
so,  and  they  finally  declassified  it  and  made  available  a  map,  which 
I  immediately  bought  fi*om  the  University  of  California. 

Now  I  don't  know  whether  that's  a  SEASAT  satellite  or  a 
GEOSAT  satellite  or  what  the  hell  satellite  it  is,  but  clearly  there 
are  several  different  people  doing  essentially  the  same  thing. 

That  set  of  data,  if  I  remember  correctly — ^you  may  want  to  cor- 
rect me  because  sometimes  you  get  rather  incomplete  impressions 
from  reading  those,  even  though  rather  long,  whole  page  New  York 
Times  with  pictures  and  charts  and  so  on  and  so  forth,  saying  that 
they  were  able  to  map  at  contours,  I  think,  if  I  remember  correctly, 
two  feet,  but  no  greater  than  ten  feet  in  mapping  that  was  much 
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more  sensitive  than  what  had  been  available  by  the  old  ocean  floor 
mapping  from  a  fleet. 

Obviously,  there  are  many  different  forms  of  that  that  are  out 
there  and  obviously,  we  could  have  an  extremely  high  sensitivity 
map  on  this  wall  which  would  probably  keep  everybody  awake  and 
maybe  distract  them  completely  from  what  was  going  on  at  the  ta- 
bles, which  might  not  be  such  a  bad  idea  sometimes. 

I  shouldn't  say  that  because,  really,  the  data  that  comes  in  and 
the  information  that  you've  put  forward  today  is  extremely  fas- 
cinating, at  least  to  me. 

So  data  that  would  allow  us  to  know  some  things  about  where 
tectonic  plates  are  that  are  changes  in  the  thinking,  obviously,  the 
scientific  community  knew  that  and  I'll  bet  major  portions  of  the 
scientific  community  knew  it. 

Why  didn't  everybody  know  it?  There's  no  reason  why  it 
shouldn't  have  been  available  I  think  much  earlier  to  anybody  who 
might  be  interested  in  knowing  where  volcanic  acti\aty  and  sea 
mounts  and  other  things  at  much  greater  discrimination  than  had 
been  known  before. 

Maybe  I'm  exaggerating. 

I  suspect  that  they  must — if  that's  true,  they  must  have  been 
able  to  see  the  TITANIC.  We  must  have  been  able  to  see  the  TI- 
TANIC with  some  of  these  data.  Or  maybe  it  was  in  terrain  that 
wouldn't  permit  that. 

Dr.  Ballard.  Unfortunately,  it  was  in  terrain  that  wouldn't  per- 
mit that. 

Mr.  Olver.  Okay. 

Admiral  BOORDA.  If  I  can  respond  to  that  just  for  a  second. 

What  you're  talking  about  is  the  GEOSAT  data  that  we  released 
in  July. 

Mr.  Olver.  GEOSAT  data. 

Admiral  BoORDA.  And  the  map  you're  talking  about  is  that  one 
[indicating].  And  of  course  it  can  be  much  more  detailed  and  it's 
a  real  different  view  of  the  earth  because  the  land  part  isn't  the 
part  of  interest  here.  It's  the  oceans. 

Mr.  Olver.  Why  did  NASA  take  credit  for  it  if  GEOSAT  was  the 
Navy? 

Admiral  BoORDA.  It's  not  importemt.  You  may  be  talking  about 
something  a  little  bit  different.  That's  not  my  real  point.  That's 
gravity  data.  And  why  do  we  care  about  that? 

Why  do  we  care  about  that?  Now  we've  declassified  that.  Why  we 
care  about  that  is  because  we  want  our  strategic  ballistic  missiles 
to  hit  their  targets,  particularly  the  hardened  targets  which  require 
a  very  tight  circular  error  of  probability. 

We  don't  want  their  nuclear  weapons  to  hit  our  targets  with  that 
circular  error  of  probability.  We  need  to  be  carefial  what  we  do.  We 
were  careful  as  the  Cold  War  ended,  as  we  looked  at  things,  we  re- 
leased that  data. 

It's  fun,  I  think,  to  talk  about  declassification  and  look  back  on 
times  when  people  were  extremely  careful  and  cautious  and  sen- 
sitive, I  think  kind  of  words  you'd  like  in  different  hearings.  You 
might  say  you  need  to  be  extremely  cautious,  careful,  and  sensitive. 
Admiral.  And  in  other  hearings  we  might  say,  my  God,  just  open 
it  up. 
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What  we  need  to  do  now,  I  think,  is  understand  what  we  are 
much  more  open.  That's  what  MEDEA  is  about. 

We've  got  cleared  scientists  looking  at  these  data  sets,  and  we 
look  at  these  data  sets  and  together,  we  are  deciding  and  rec- 
ommending what  we  can  do. 

Mr.  Olver.  Will  you  declassify  for  me  what  MEDEA  is?  There 
is  no  definition  of  what  it  is  in  this. 

Admiral  BOORDA.  I'll  let  Admiral  Watkins  do  that  because  he  tes- 
tifies so  well. 

Mr.  Olver.  Yes. 

Dr.  Ballard.  Let  me  comment  on  that. 

Mr.  Olver.  Admiral  Watkins  certainly  pointed  out  and  defended 
you,  while  saying,  declassify  the  stuff  now.  The  Evil  Empire  is 
over,  and  so  on.  I  suppose  there  are  some  of  those  things  that  one 
should  still  worry  about.  But,  boy,  there's  a  lot  of  duplicative  data 
out  there  that  different  groups  have  been  putting  together  that  we 
really  do  need  the  cooperation  and  coordination  to  use  what  seems 
to  be  the  watchword  here  this  morning  in  a  variety  of  different 
ways,  in  making  this  available  to  everybody  and  let's  get  on  with 
it  to  avoid  what  the  gentleman  from  Mississippi  pointed  out,  or 
what  you  yourself  pointed  out  about  how  those  data  and  the  sen- 
sitivity to  taking  those  data,  salinity  and  temperature  data  and 
those  kinds  of  things  that  we  could  be  using  that  it  would  take 
fleets  and  fleets  to  get  out  there  and  get  that  in  the  sort  of  more 
traditional  ways. 

Mr.  Weldon.  You've  got  a  number  of  individuals  who  want  to  re- 
spond. 

So  why  don't  we  start  over  here  with  Dr.  Ballard  and  then  Dr. 
Baker. 

Dr.  Ballard.  Just  quickly.  I  think  you  may  be  also  referring  to 
the  article  that  was  just  two  days  ago  in  the  science  section  of  the 
New  York  Times  about  the  Lamont  declassification  of  data. 

In  that  case,  that  was  multi-beam  data  which  has  a  much  higher 
resolution  than  gravity  data.  I  think  it's  important  to  point  out,  if 
you  had  a  map  of  the  world  in  this  room,  which  I  strongly  rec- 
ommend, you'll  see  that  the  vast  majority  of  the  world's  oceans  is 
in  the  southern  hemisphere. 

There's  a  certain  amount  of  mining  that  one  can  do  of  the  mili- 
tary data  base,  but  their  mission  has  primarily  been  a  mission  in 
the  northern  hemisphere. 

And  certainly,  one  of  the  things  that  we  need  to  concern  our- 
selves about,  that  there  are  huge  stretches  of  the  southern  hemi- 
sphere that  have  never  had  an  oceanographic  research  vessel  ever 
pass  over  them  once,  let  alone  more  than  once. 

And  so,  again,  I  think  a  map  of  the  world  would  help  guide  peo- 
ple to  know  that  most  of  the  world's  oceans  is  in  the  southern 
hemisphere. 

Mr.  Olver.  It  would  be  a  wonderful  exercise  in  cooperation  for 
you  folks,  as  out  of  the  nine  agencies  or  either  of  the  five,  or  which- 
ever it  is,  to  figure  for  us  the  most  descriptive  map  that  could  fill 
that  wall  of  these  data. 

It  would  be  a  wonderful  exercise. 
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Mr.  Weldon.  Let's  move  on  to  Dr.  Baker.  And  just  to  clarify  for 
our  friend  and  colleague,  Admiral  Watkins'  testimony  included 
statements  from  the  other  four  agencies  that  you  referred  to. 

We  did  not  have  a  long  enough  table  to  have  the  other  agencies 
here,  but  they  are  all  here  on  the  record  and  Admiral  Watkins  al- 
luded to  their  statements  when  he  made  his  opening  comments. 

So  those  agencies  include  NASA,  the  Geological  Survey — and 
who  am  I  missing,  Admiral? 

Admiral  Watkins.  MMS. 

Mr.  Weldon.  Right,  MS. 

Admiral  WATKINS.  USGS. 

Mr.  Weldon.  And  EPA,  right.  Thank  you. 

Now,  Dr.  Baker. 

Dr.  Baker.  Let  me  just  comment  on  the  meaning  of  the  word 
MEDEA,  the  question. 

This  grows  out  of  a  very  strong  interest  of  the  Vice  President 
when  he  was  a  senator  working  with  the  intelligence  community, 
the  DOD  and  the  civil  community,  saying,  is  there  in  fact  environ- 
mental data  that  is  in  the  classified  realm  that  might  in  fact  be 
valuable  if  it  were  made  unclassified? 

A  group  of  scientists  was  formed  called  the  Environmental  Task 
Force,  which  in  fact  got  the  clearances  and  looked  at  the  possibility 
of  doing  this.  It  turned  out  to  be  feasible.  And  a  second  group  was 
formed  and  this  second  group  has  the  name  MEDEA.  It's  a  mythi- 
cal name  which  was  meant  to  be  somewhat  complementary  to  the 
name  JASON,  which  is  the  name  for  a  group  of  scientists  that  also 
advise  the  DOD  on  various  technical  issues. 

So  MEDEA  is  the  name  for  a  group  of  scientists  who  come  from, 
as  was  mentioned,  private  industry,  the  civil  sector,  the  intelligence 
sector,  various  agencies,  academia.  And  they  are  looking  in  fact  at 
what  can  be  done  with  the  classified  data  to  make  it  released? 
What  kind  of  national  security  concerns  have  to  be  there  and  so  on, 
exactly  addressing  the  question  that  you  asked. 

Dr.  Ballard.  Just  to  point  out,  MEDEA  was  Jason's  wife  in 
Greek  mythology. 

Mr.  Olver.  Do  either  of  you  know  where  the  Golden  Fleece  was? 

[Laughter.] 

Dr.  Ballard.  Yes,  it  was  in  Georgia,  not  the  U.S.,  but  past  So- 
viet Georgia  in  the  Black  Sea. 

Mr.  Olver.  You're  sure  of  that? 

Dr.  Ballard.  Pretty  much. 

[Laughter.] 

At  least  that's  where  they  went. 

[Laughter.] 

Mr.  Olver.  You're  sure  of  that? 

[Laughter.] 

Mr.  Weldon.  I  thank  the  gentleman  for  his  questions  and  thank 
all  of  our  colleagues  for  attending  this  very  significant  hearing 
today. 

Most  of  the  questions  have  been  answered  that  I  was  going  to 
raise.  I  have  a  number  that  I'm  going  to  submit  for  the  record. 

I  did  want  to  ask  one  question  about  a  reference  made  by  Dr. 
Ballard  in  regard  to  the  competition  in  America.  Five  years  ago  it 
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was  the  undisputed  leader  in  terms  of  ocean  research.  Today,  I 
think  you  mentioned  that  you  might  even  question  that. 

My  understanding  is  that  Japan  is  currently  spending  significant 
amounts  of  money.  I  think  I've  heard  the  figure  of  a  billion  dollars 
being  put  forward  by  the  Japanese  in  this  area. 

Would  any  of  you  care  to  elaborate?  And  Dr.  Ballard,  certainly 
you. 

Dr.  Ballard.  France,  also.  I  asked  Admiral  Watkins  that  yester- 
day, if  we  knew  those  numbers. 

It's  my  understanding  that,  on  a  gross  national  product,  France 
invests  more  in  oceanographic  work  than  any  nation. 

Do  you  know  if  that's  true  or  not? 

Mr.  Weldon.  Dr.  Baker? 

Dr.  Baker.  There's  no  question  that  both  France  and  Japan  have 
made  national  commitments  to  both  oceanographic  research  and 
ocean  facilities. 

And  as  we  look  outwards  from  the  U.S.,  I  think  Bob  is  exactly 
right.  These  are  countries  that  are  devoting  a  substantial  fraction 
of  their  research  to  ocean  activities.  If  we  don't  do  something, 
they're  going  to  be  the  leaders. 

Mr.  Weldon.  Is  there  anyone  else  who  would  like  to  comment  on 
that? 

Yes,  Mr.  Corell. 

Mr,  Corell.  I'd  just  say  a  word  or  two  about  the  Japanese.  Their 
investments  are  growing  very  rapidly.  I've  met  with  the  leaders  of 
the  Japanese  ocean  research  community  only  two  days  ago  and 
they  reported  to  me  that  their  budgetary  increases  over  the  next 
several  years  at  JAMSTEC,  which  is  a  part  of  the  science  and  tech- 
nology agency,  are  going  to  grow  at  20  to  25  percent  per  year. 

They  are  proposing  to  the  world  community  to  take  major  steps 
in  support  by  building  a  drill  ship  for  ocean  drilling.  There  are 
many  other  capital  investments  that  the  Japanese  are  planning  or 
are  already  making  in  the  ocean. 

One  of  the  leaders  there  said,  you,  the  United  States,  have  be- 
come the  world  leaders  in  space.  It  is  our  intention  to  be  world 
leaders  in  the  ocean. 

Mr.  Weldon.  Interesting.  And  certainly,  that's  a  challenge  for  us 
to  deal  with. 

One  other  question.  And  Bruce  Alberts,  in  your  testimony.  Dr. 
Alberts,  you  talk  about  peer  review  approach  to  selecting  and  fund- 
ing research  projects  and  that  being  a  foundation  of  our  leadership 
in  science  and  technology. 

The  answer  to  this  is  obvious,  but  a  good  portion  of  our  current 
ocean  research  budget  is  earmarked  by  the  Congress  by  individual 
members. 

I  guess  the  question  I  would  open  up  for  you  is  should  that 
change?  Should  earmarking  programs  be  replaced  with  competitive 
peer  review? 

That's  a  tough  question  for  you  to  answer. 

Dr.  Alberts.  Well,  the  last  day  of  November,  we  released  an  im- 
portant report  called  "Allocating  Federal  Resources  for  Science  and 
Technology."  That  was  at  the  request  of  this  Congress. 

I  urge  you  to  look  at  that.  It's  only  40  pages,  13  recommenda- 
tions. One  of  the  major  ones  is  that  if  we  want  the  best  value  for 
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the  money,  we  have  to  open  everything  we  can  up  to  competition. 
It's  something  that  nobody  denies.  It's  just  hard  to  get  it  done. 

But  the  scientific  community  urges  the  Congress  to  keep  your 
eye  on  whether  or  not  your  funds  are  being  competitively  bid  for. 
We  all  know  the  importance  of  that  in  the  market  and  it's  also  im- 
portant in  science  to  get  the  best  value  for  your  money. 

Mr.  Weldon.  I  think  it  was  important  to  get  that  on  the  record 
in  this  time  of  shrinking  budget  dollars,  that  the  scientific  commu- 
nity believes  that  we  need  to  have  that  peer  review  process  in 
place. 

Another  question  for  Admiral  Boorda  relative  to  the  autonomous 
underwater  search  system,  AUSS.  My  understanding  is  that  that 
was  originally  developed  for  the  potential  retrieval  of  space  cap- 
sules. 

Is  that  currently  being  used  for  scientific  purposes,  and  could 
that  be  used  for  scientific  purposes  involving  deep  ocean  research 
and  deep  ocean  technology? 

Admiral  BoORDA.  We  have  looked  at  that  for  a  number  of  pur- 
poses, one  of  them  being  what  do  we  do  with  dredging  materials 
if  we  put  it  in  a  different  place  than  on  land? 

Mr.  Weldon.  Yes. 

Admiral  BooRDA.  I'll  defer  to  Paul  on  some  of  the  other  ideas  we 
might  have. 

Admiral  Gaffney.  We're  looking  at  all  autonomous  vehicles  and 
ROVs  for  collecting  data  at  sea,  not  just  AUSS  but  other  tech- 
niques developed  by  Dr.  Ballard  and  his  colleagues  for  doing  rou- 
tine survey  overseas. 

One  of  the  early  questions  we  had  here  is  how  do  we  meiximize 
our  time  at  sea?  And  one  of  those  ways  is  to  get  new  tools  that  we 
can  use  to  double  or  triple  the  collecting  power  of  overseas  deployed 
ships. 

And  these  kinds  of  vehicles  would  be  such  tools. 

Mr.  Weldon.  So  the  answer  is  then,  yes,  it  can  be  made  avail- 
able and  you're  working  to  that  end.  Is  that  correct? 

Mr.  Roemer  has  an  additional  question  which  I'll  allow  him  to 
ask  now.  Mr.  Roemer? 

Mr.  Roemer.  Did  you  want  to  follow  on?  Did  you  have  an3rthing 
you  wanted  to  follow  up  on? 

Mr.  Weldon.  Staff  has  asked  me,  the  Navy  research  submarine, 
is  it  still  active  and  an  expanded  role  in  terms  of  involvement  with 
the  scientific  community? 

Admiral  BoORDA.  Yes.  This  last  summer,  it  worked  in  the  Medi- 
terranean. The  answer  is,  yes,  it's  still  active  and  doing  a  number 
of  jobs. 

Mr.  Weldon.  Great. 

Dr.  Ballard.  I  can  add  to  that.  I  was  the  one  that  was  using  it. 

[Laughter.] 

It's  been  made  more  accessible  to  the  academic  community  and 
it's  a  tremendous  asset.  It's  being  able  to  do  much  more  work  be- 
cause it's  not  only  a  great  submarine,  but  it  now  has  a  great  sup- 
port ship  that  can  support  remotely-operated  vehicle  systems  and 
we'll  be  using  it  during  the  JASON  project  in  a  few  months. 

Mr.  Weldon.  Great.  Fantastic. 

Mr.  Roemer? 
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Mr.  ROEMER.  Thank  you,  Mr.  Chairman.  Before  I  ask  my  ques- 
tion, I  have  one  final  unanimous  consent  request,  that  the  Ranking 
Member  of  the  entire  Science  Committee,  Mr.  Brown's  statement 
be  entered  into  the  record. 

Mr.  Weldon.  Absolutely,  without  objection.  And  that  would  in- 
clude other  m.embers  as  well. 

Mr.  RoEMER.  Thank  you,  Mr.  Chairman. 

My  final  question  would  be,  in  light  of  what  we've  talked  about 
in  terms  of  cooperation,  in  terms  of  sharing  resources,  in  terms  of 
coordinating  services,  one  issue  as  a  member  of  the  subcommittee 
of  NASA  comes  to  mind  where,  on  the  TOPEX  foUow-on  mission  to 
do  a  joint  satellite  on  global  ocean  circulation,  NASA  decided  to  go 
with  the  French  rather  than  with  the  Navy. 

I  guess  one  of  my  concerns  might  be  how  might  we  prevent  this 
from  happening  in  the  future  so  that  we  get  this  kind  of  coopera- 
tion and  sharing  of  resources  and  information,  whether  they  be- 
come declassified  eventually,  whether  they  become  information 
that  goes  to  our  business  community. 

Admiral,  if  you  can  share  with  us  any  frustrations  that  you 
might  have  with  that  final  decision  and  ways  by  which  you  might 
recommend  to  us  on  this  Committee,  which  has  oversight  of  both 
NASA  and  parts  of  this,  where  we  might  discourage  that  or  try  to 
steer  our  two  agencies  together  to  do  that  in  the  future. 

Admiral  Boorda.  I  answer  that  question  really  with  mixed  emo- 
tions. 

In  some  cases,  we  want  to  do,  and  it  makes  sense  financially  and 
allows  us  to  free  up  dollars  to  do  other  things.  We  want  to  collabo- 
rate with  other  nations.  That  was  one  we  in  the  Navy  would  have 
liked  to  have  done. 

But  I  don't  think  we  want  to  make  it  so  hard  that  when  it  makes 
sense  to  do  so,  we  can't. 

That  means  we  have  to  talk  a  lot  more  so  that  you  don't  write 
us  into  an  American-our-agencies-only  box,  where  we  can't  cooper- 
ate when  it  makes  sense. 

We  in  the  Navy,  for  example,  do  a  great  deal  of  cooperation  in 
the  ocean  environment  with  other  nations,  and  we  don't  want  to 
stop  doing  that.  So  it's  a  two-edged  sword  that  we're  talking  about 
here.  The  one  that  you're  talking  about  did  not  make  me  happy. 
There  are  others  that  we're  doing  that  do. 

I'd  be  glad  to  take  that  for  the  record  and  come  back  and  talk 
about  both  sides  of  that  issue. 

(See  Appendix  for  the  information  supplied  by  Admiral  Boorda.) 

Mr.  Roemer.  Okay.  I  certainly  agree  with  you.  Admiral,  that  we 
need  to  cooperate  with  other  nations  and  enhance  our  ability  to 
learn  and  share  knowledge  with  other  nations  as  well,  especially  in 
science. 

But  when  it  behooves  our  country  to  do  one  together  and  to  see 
that  cooperation  benefit  our  taxpayer  and  our  oversight  agencies 
and  our  Navy  and  NASA,  please  let  us  know  of  your  frustrations 
ahead  of  time  so  that  we  can  trj'  to  be  helpful  where  we  can  be, 
when  the  joint  venture  really  is  in  our  best  interests. 

Admiral  BoORDA.  You  bet.  Thank  you. 

Mr.  Roemer.  Thank  you,  sir.  n       -.. 
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Mr.  Weldon.  Thank  you,  Mr.  Roemer.  And  let  me  thank  all  of 
our  members  and  our  distinguished  panel. 

I  cannot  let  this  hearing  close  without  thanking  the  staff.  From 
the  National  Security  Committee,  Bill  Andahazy,  who  has  done 
yeomgin's  work  in  this  area,  has  just  been  fantastic  in  putting  to- 
gether not  just  this  hearing,  but  the  other  hearings  that  we  have 
held  and  will  be  holding  in  the  future. 

From  the  House  Committee  on  Science,  Richard  Russell  has  been 
fantastic  in  working  with  us  and  letting  this  issue  come  to  the  fore- 
front and  with  the  cooperation  of  the  Science  Committee. 

And  from  the  Committee  on  Resources,  John  Rayfield  has  been 
fantastic  in  making  sure  that  we  have  a  coordinated  approach. 

It's  very  difficult  to  bring  three  committees  as  powerful  as  these 
three  committees,  from  an  authorization  standpoint,  to  come  to- 
gether to  agree  that  we  have  to  work  together  on  this  issue  if  we're 
going  to  get  the  visibility  within  the  Congress. 

Today,  it  was  a  rather  long  hearing,  four  hours.  We  had  24  mem- 
bers of  Congress  stop  by,  which  I  think  in  itself  is  an  indication  of 
the  importance  that  members  place  on  this  subject.  Others  would 
have  been  here,  but  had  conflicts.  There  is  a  major  briefing  under- 
way on  Bosnia,  as  most  of  you  know,  right  now. 

Our  support  for  this  issue  is  not  just  with  one  hearing.  Make  no 
mistake  about  it.  This  is  not  going  to  be  a  passing  thing.  I  know, 
Admiral  Watkins,  that's  your  concern.  You  know  me  better  than 
that.  That's  not  going  to  be  the  case. 

This  is  a  long-term  commitment.  This  is  a  coordinated  effort.  We 
have  raised  the  awareness  through  a  series  of  hearings.  This  is  the 
culmination  of  the  first  wave  of  those  hearings.  We  ask  you  to  ful- 
fill your  part  of  the  task  ahead  of  us  and  to  meet  the  challenge  of 
coordinating  those  entities  involved  with  oceanographic  efforts. 

We  can't  do  that.  You've  got  to  coordinate  that  and  you're  al- 
ready, I  think,  along  the  way. 

What  our  task  and  challenge  is  is  for  us  to  coordinate  within  the 
Congress,  the  committee  structures,  working  with  the  Administra- 
tion, and  getting  the  visibility  of  the  appropriators  and  the  other 
bodies  to  make  things  happen. 

I  don't  think  we  have  to  have  such  a  grandiose  scheme  involving 
billions  of  dollars.  That's  not  needed  right  now.  What's  needed  is 
a  full  focus  that  will  allow  for  better  coordination  and  better  aware- 
ness. 

Those  of  us  who  sit  on  the  Science  Committee  and  who  support 
outer  space  research  are  not  necessarily  supporting  this  in  lieu  of 
that  support.  In  fact,  we  think  the  two  ought  to  go  hand  in  hand. 

But  we  are  making  a  commitment  and  I'm  making  a  personal 
statement  that  we  will  follow  through  after  this  hearing  is  con- 
cluded and  that  we  will  use  our  voice  and  our  vote  to  m£Lke  sure 
that  we  provide  the  proper  mechanisms  to  allow  you  to  better  do 
your  job  and  better  serve  not  just  the  people  of  America,  the  envi- 
ronmental concerns  that  we  all  have,  the  security  concerns  that  we 
all  have,  and  the  concerns  of  the  people  throughout  the  world. 

Thank  you  all.  The  hearing  now  stands  adjourned. 

[Whereupon,  at  2:00  p.m.,  the  hearing  was  adjourned.] 

[The  following  material  was  received  for  the  record:] 
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OPENING  STATEMENT 

BY 
GEORGE  E.  BROWN,  JR. 


Mr.  Chairman,  I  want  to  commend  you  for  holding  this 
hearing  today.  The  coordination  of  oceanographic  research 
among  the  participating  agencies  has  been  a  major 
management  challenge  ever  since  post  war  science  policy 
began  to  take  shape  over  40  years  ago.  Indeed,  no  other 
field  of  research  links  defense  and  civilian  interests  as 
strongly  as  oceanography  and  I  want  to  particularly 
recognize  the  efforts  of  the  three  chairmen  today  in 
attempting  to  recognize  this  fact. 

It  is  natural  that  we  begin  to  explore  ways  in  this  post  cold- 
war  era  to  leverage  research  assets  and  more  closely  define 
linkages  between  the  mission  agencies  that  best  benefit  our 
science  objectives. 

One  of  the  clearest  examples  of  this  potential  was  the 
release  last  year  by  the  Navy  of  declassified  data  on  sea 
surface  height,  salinity,  gravity  field,  seabed  magnetics  and 
a  vast  "treasure  trove"  of  other  physical  data  on  the  ocean. 
This  was  part  of  an  overall  program  to  transition  the 
Nation's  cold  war  assets  to  greater  civilian  and  scientific 
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use.  Such  data. from  defense  satellites,  submarines,  ships  at 
sea,  and  underwater  arrays  will  be  crucial  in  understanding 
global  change  and  addressing  a  vast  number  of  other 
scientific  problems  including  weather  forecasting, 
pollution,  fishery  management,  mineral  exploration,  and 
many  others. 

It  is  clear  that  we  face  a  substantial  institutional  problem 
today.  From  the  brief  glimpses  we  have  had  so  far,  we 
know  that  this  data  will  add  substantially  to  our 
fundamental  understanding  of  the  ocean.  We  do  not  yet 
know  exactly  how  it  will  augment  other  civilian 
observational  programs  or  whether  it  can  substitute  for  or 
replace  such  other  programs.  Before  we  can  fully 
understand  how  to  structure  the  linkages  between  the 
mission  agencies,  we  need  more  experience. 

In  short,  we  need  to  become  more  serious  over  the  pace  and 
extent  to  which  we  declassify  potentially  valuable  data. 
We  also  need  to  find  a  way  to  integrate  the  use  of  this  data 
into  the  traditional  peer  reviewed  scientific  process  while 
protecting  our  legitimate  national  security  interests.  I  am 
aware  of  proposals  such  as  the  establishment  of  an 
"exploitation  center"  at  the  Stennis  Space  Center.  We  may 
need  to  develop  such  specialized  mechanisms  and  I  hope 
we  can  fully  explore  these  concepts  today  and  in  future 
hearings. 

In  closing,  I  believe  we  all  recognize  that  we  are  entering 
the  information  era  at  a  very  rapid  pace.  The  ability  to 
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integrate  data  from  a  variety  of  sources  will  be  key  to 
making  the  next  major  advances  in  science.  In  a  more 
fundamental  sense,  it  may  be  our  duty  as  a  Congress  to 
ensure  that  the  taxpayer  gets  the  maximum  return  on  our 
national  investment  in  the  assets  we  will  hear  about  today. 

Again,  I  want  to  commend  the  Chairs  of  the  participating 
Committees  today  and  I  look  forward  to  the  testimony. 
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I  want  to  thank  the  Chairmen  and  Ranking 
Members  of  all  the  subcommittees  for  cooperating  on 
this  important  subject. 

Furthermore,  I  want  to  particularly  commend 
Chairman  Weldon  for  his  active  and  ongoing  interest 
in  oceanography  issues  and  ocean  research.    During 
the  last  Congress,  he  and  I  had  the  opportunity  to 
serve  together  as  a  leadership  team  as  Chairman  and 
Ranking  Minority  Member  of  the  former 
Subcommittee  on  Oceanography,  Gulf  of  Mexico  and 
the  Outer  Continental  Shelf. 

We  had  a  number  of  hearings  on  the  future  of 
oceanographic  research,  potential  dual  use 
technologies  and  cooperation  between  government 
agencies,  industry  and  academia. 

I  look  forward  to  continuing  to  advance  this 
issue  which  I  believe  is  very  important  to  the  long 
term  defense,  as  well  as  national  economic  and 
educational  security. 
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1.    The  Navy  has  been  planning  for  some  time  now 
to  terminate  many  Integrated  Undersea  Surveillance 
Systems  (lUSS)  because  of  obsolescence  or  changes 
in  our  national  security  interests. 

Is  it  possible  to  hand  over  systems  no  longer 
needed  by  the  Navy  to  civil  agencies  for  research  or 
for  support  to  industry? 


2.    What  NOAA  research  is  necessary  to  maintain 
adequate  information  to  allow  fisheries  managers  to 
carry  out  their  responsibilities? 

What  NOAA  research  is  crucial  to  coastal 
managers,  and  those  who  live  in  the  coastal  zohe? 

Are  the  current  methods  of  conducting  that 
research  and  delivering  results  to  users  effective? 
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3.   How  can  NOAA  best  carry  out  its  undersea 
research? 

As  you  know,  for  some  time  I  have  been 
interested  in  the  NOAA  National  Undersea  Research 
Program. 

Although  I  believe  the  program  has  provided  an 
excellent  contribution  to  our  ocean  studies,  I 
continue  to  be  very  concerned  about  the  lack  of  basic 
research  that  takes  place  in  the  Gulf  of  Mexico,  a 
body  of  water  with  a  very  concentrated  amount  of 
economic  activity  for  our  nation  in  terms  of  fisheries 
and  oil  and  gas  activity,  not  to  mention  the  vital  role 
for  national  defense. 

I  believe  that  a  major  contributor  to  the  large 
disparity  in  funding  for  undersea  research  in  the 
Gulf  of  Mexico  in  comparison  to  other  areas  of  the 
country  is  lack  of  comparable  undersea  research 
dollars  being  spent  at  educational  facilities  in  the 
region. 

How  steps  can  we  take  to  address  this  disparity 
and  establish  a  stronger  on-site  undersea  research 
program  immediately  adjacent  to  the  Gulf  of 
Mexico? 


193 
APPENDIX  II 


HOUSE  NATIONAL  SECURITY  COMMITTEE 
SUBCOMMITTEE  ON  MILITARY  RESEARCH  AND  DEVELOPMENT 

HOUSE  NATURAL  RESOURCES  COMMITTEE 
SUBCOMMITTEE  ON  FISHERIES,  WILDLIFE  AND  OCEANS 

& 

HOUSE  COMMITTEE  ON  SCIENCE 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

JOINT  HEARING  ON:   DUAL-USE  OCEANOGRAPHIC  PARTNERSHIPS 

25  JANUARY  1996 

QUESTION  FOR  THE  RECORD 

QUESTION  NUMBER  1 

REPRESENTATIVE  FARR;   Admiral  Boorda,  I  noticed  on  page 
8  of  your  testimony,  reference  to  Fleet  Numerical  and 
NOAA's  partnership  in  dual  use  products  that  are 
transferred  to  the  private  sector.   Did  you  know  that 
NOAA  closed  the  Ocean  Applications  Branch?   You  might 
want  to  ask  Dr.  Baker  iTOWwe  are  going  to  get  data  into 
the  Fleet  Numerical ' s  private  sector.   I  [sic]  did  a 
great  job  and  local  Navy  and  NOAA  employers  feel  a  big 
gap  has  occurred. 


ADMIRAL  BOORDA:   I  understand  that,  driven  by  budget 
shortfalls,  NOAA  closed  their  Ocean  Applications  Branch 
in  October  1995.   As  an  interim  measure  to  avoid  an 
interruption  in  the  public  distribution  of  Navy  data,- 
NOAA  executed  a  short-term  contract  with  a  commercial 
firm  to  continue  the  service.   We  continue  to  work 
closely  with  NOAA  to  develop  a  long-term  strategy  for 
public  access  to  real-time  Navy-unique  data. 
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HOUSE  NATIONAL  SECURITY  COMMITTEE 
SUBCOMMITTEE  ON  MILITARY  RESEARCH  AND  DEVELOPMENT 

HOUSE  NATURAL  RESOURCES  COMMITTEE 
SUBCOMMITTEE  ON  FISHERIES,  WILDLIFE  AND  OCEANS 

& 

HOUSE  COMMITTEE  ON  SCIENCE 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

JOINT  HEARING  ON:   DUAL-USE  OCEANOGRAPHIC  PARTNERSHIPS 

25  JANUARY  1996 

INSERT  FOR  THE  RECORD 

PAGE   lil   LINE    2108 

"The  information  follows:" 

There  are  a  number  of  DOD  telecommunication 
technologies  that  could  possibly  allow  scientists  to 
access  unclassified  oceanographic  data  from  military 
platforms  without' havirrg'^o  physically  be  there. 

Navy's  emphasis  on  data  collection  is,  as  I  have 
said,  to  provide  real-time  data  to  the  warfighter  to 
describe  the  battlespace  environment.   In  many  oases, 
it  would  be  inappropriate  to  make  the  data- -and  the 
military  platforms  location- -publicly  available  in  real 
time.   In  many  cases,  our  data  collection  comes  from 
within  the  Exclusive  Economic  Zones  (EEZ)  of  other 
countries.   Navy  uses  cooperative  agreements  with 
coastal  countries  to  gain  access  to  data  in  their 
territorial  seas  which  would  otherwise  be  inaccessible. 
Any  limits  on  public  release  of  the  data  under  these 
agreements  must  be  honored.   With  our  current  focus  on 
littoral  areas  of  the  world,  much  of  our  data 
collection  comes  from  within  the  Exclusive  Economic 
Zones  (EEZ)  of  other  countries.   Because  of  Law  of  the 
Sea  issues,  mixing  military  survey  data  collection  and 
marine  scientific  research  in  foreign  EEZs  can  be 
problematic  and  would  have  to  be  approached  very 
carefully. 

Despite  all  these  caveats,  there  are  certainly 
unclassified/unrestricted  Navy  collection  efforts, 
especially  in  open  ocean  areas,  that  could  be 
considered  for  some  form  of  realtime  access  ashore. 
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HOUSE  NATIONAL  SECURITY  COMMITTEE 
SUBCOMMITTEE  ON  MILITARY  RESEARCH  AND  DEVELOPMENT 

HOUSE  NATURAL  RESOURCES  COMMITTEE 
SUBCOMMITTEE  ON  FISHERIES,  WILDLIFE  AND  OCEANS 

& 

HOUSE  COMMITTEE  ON  SCIENCE 

SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

JOINT  HEARING  ON:  DUAL-USE  OCEANOGRAPHIC  PARTNERSHIPS 

25  JANUARY  1996 

INSERT  FOR  THE  RECORD 

PAGE   145   LINE_liM 

"  The  information  Follows:" 

Navy's  militaxy 'sxirvey  ships  are  operated*  uiiaer  — 
the  technical  control  of  the  Naval  Oceanographic 
Office,  Stennis  Space  Center,  Mississippi.   The  USNS 
PATHFINDER  and  SUMNER  are  now  operating,  during  their 
first  year,  in  U.S.  waters  as  they  complete  their  test 
and  evaluation  phase.   The  USNS  BOWDITCH  will  be 
delivered  late  this  summer  and  will  go  through  a 
similar  year- long  test  phase  in  U.S.  waters.   The  ships 
are  available  and  convenient  during  these  periods  for" 
in-port  tours  and/or  at-sea  demonstrations  of  survey 
equipment  and  operations.   Because  the  schedules  for 
at-sea  times  change  frequently,  it  would  be  best  to 
contact  CDR  Darrell  Smith  at  601-688-5103  to  arrange  a 
time  for  a  VIP  visit. 

There  are  two  opportunities  for  members  of 
Congress  to  visit  a  Navy  sponsored  ice  camp.   During 
the  Spring,  the  period  14-20  April  1996,  we  will  be 
sponsoring  a  research  effort  on  acoustic  propagation  in 
the  Arctic  Basin.   The  ice  camp  will  be  established  in 
the  eastern  Arctic,  north  of  Alberta,  Canada.  The  camp 
can  support  up  to  10  visitors  at  a  time. 

We  are  also  scheduling  an  ice  camp  for  the  fall  of 
1997  along  with  an  unclassified  arctic  submarine 
exercise,  SCICEX-97.   The  camp  will  be  staged  from  an 
ice-breaker  providing  an  excellent  opportunity  to  view 
arctic  scientific  research  for  a  VIP  visit.   The  Navy- 
point  of  contact  for  these  ice  camp  visits  is  LCDR  Don 
Kelso,  Navy  Office  of  Legislative  Affairs  at 
(703-695-4172,  FAX  703-693-0656)  . 
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"  The  information  Follows : " 

MEOEA  -  Measurement  of  Earth  Data  for  Environmental 
Analysis. 
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"The  information  follows:" 

Reference;   REPORT  ON  CONVERGING  NASA/NAVY  ALTlMETliY^pcrauons 
MISSIONS,  MAY  1995:  I     Dcpi.  of  the  Nav> 

This  report  ""is  a  NASA/DOD'  response' "to  the  National 
Defense  Authorization  Act  (House  of  Representatives 
Report  103-701,  Section  258)  and  the  FY1995  NASA 
Authorization  Bill 'passed  by  the  House  (HR  4489),  which 
required  the  Secretary  of  the  Navy  and  the 
Administrator  of  NASA  to  jointly  conduct  a  study  on  the 
convergence  of  the  NASA  Earth  Observing  System  (EOS) 
radar  altimetry  mission  with  the  Navy  GEOSAT  Follow-On 
(GFO)  Program. 

The  DON  proposal  was  to  create  a  Navy/NASA 
partnership  since  data  coverage  and  U.S.  government 
costs  for  the  proposed  NASA/NAVY  GFO-2  were  competitive 
with  the  U.S. /French  TOPEX/POSEIDON  FOLLOW-ON  (TPFO) . 
As  outlined  in  the  referenced  report,  it  was  decided 
that  continuation  of  the  U.S. /French  relationship  in 
space  collaboration  was  an  overwhelming  reason  to 
select  TPFO  over  GFO-2.   There  was  legitimate  concern 
that  selecting  a  U.S.  -  only  option  would  raise  doubts 
about  NASA's  intentions  with  our  international  partners 
and  compromise  NASA's  ability  to  secure  other 
international  collaborations  in  the  future,  such  as  the 
Space  Station, 

Navy  downsizing  and  decreases  in  funding  have  led 
the  Navy,  as  well,  to  leverage  international 
partnerships  as  a  means  to  continue  mission  objectives. 
We  have  cooperated  with  U.S.  agencies  that  also' include 
international  partners,  such  as  RADARSAT  (Canada) ,  and 
the  European  Space  Agency  (ESA) .   The  National  Polar- 
Orbiting  Operational  Environmental  Satellite  System 
(NPOESS)  will  include  DOD  Services  (Air  Force,  Navy, 
Army) ,  NOAA,  NASA  and  European  agencies  (EUMETSAT) . 
Through  this  partnership,  the  U.S.  provides  two  polar- 
orbiting  satellites  with  the  Europeans  providing  the 
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third.   From  DOD's  point  of  view,  we  can  get  a 
sufficient  "refresh"  rate  for  global  satellite  imagery 
to  support  our  missions  and  save  U.S.  taxpayers  the 
cost  of  the  third  satellite. 
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THE    VICE    PRESIDENT 

WAS  H INGTON 


December  6,  1995 


The  Honorable  Curt  Weldon 

Chairman 

Subcommittee  on  Military  Research 

2452  Rayburn  House  Office  Building 

Washington,  D.C.   20515 

Dear  Mr.  Chairmetfi: 

As  you  know,  the  topics  on  which  the  Committee  will  focus 
during  this  series  of  hearings  have  been  of  interest  to  me  for 
some  time,  and  I  am  pleased  to  have  this  opportunity  to  share  my 
perspective.   As  President  Lyndon  Baines  Johnson  said  during  his 
tenure,  "The  waters  which  flow  between  the  banks  belong  to  all 
the  people."   While  the  President  was  speaking  about  a  domestic 
issue  at  the  time,  his  message  resonates  today. 

Oceans  cover  71  percent  of  the  Earth's  surface,  and  we  face 
a  common  threat  to  this  precious  resource.   In  this  time  of  lean 
budgets,  creative  efforts  to  exploit  existing  research  and 
technology  efforts  for  dual  purposes  are  not  only  sensible  but 
essential .   The  United  States  has  tremendous  resources  which  only 
have  to  be  harnessed,  and  the  Committee's  hearings  represent  a 
significant  step  in  that  direction. 

As  we  approach  the  21st  Century,  I  welcome  efforts  to  ensure 
that  our  country  is  well  prepared  to  act  on  the  basis  of  the  very 
best  data.   I  particularly  want  to  thank  you  for  your  efforts  in 
this  regard.   Your  ideas  and  insight  on  these  issues  are 
important  to  me,  and  your  continued  support  is  essential. 

Again,  please  accept  my  very  best  wishes  for  a  productive 
series  of  hearings. 

Sincerely, 


Al  Gore 


AG/jec 
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ARMED  SERVICES 


COMMERCE,  SCIENCE,  AND  TRANSPORTATION 

I,  SUBCOMMJTTIE  ON  SuftMCC  TlUNSPOmAtlOfl 


BnitEd  States  Senate 


April    17,    1996 


245  East  CAPfTot  Sttcft 

Suite  226 

JackSun,  MS  39201 


•  1  Government  Plaza 

Suite  428 
GuLfPOfcT,  MS  39601 


200  E.  Washington  Street 

Suite  145 

Greenwogo,  MS  38930 


Representative  Curt  Weldon 
2452  Rayburn  HOB 
Washington,  DC  20515 

Dear  Curt : 

Thank  you  for  your  phone  call  yesterday  regarding  the 
National  Oceanographic  Partnership  Act.  I  look  forward  to 
working  with  you  to  push  this  legislation  through  the  Congress. 

Because  Mississippi  is  home  to  a  significant  element  of  the 
naval  oceanographic  mission,  I  follow  the  activities,  funding 
requirements  and  mission  needs  of  the  oceanographic  community 
very  closely.   I  believe  that  understanding  the  oceans  is 
fundamental  to  our  national  security,  as  well  as  to  our  global 
economic  and  environmental  well-being.   Your  National 
Oceanographic  Partnership  Act  is  vital  to  the  success  of  naval 
operations  and  helps  focus  national  attention  on  ocean  policy  and 
programs.   I  think  you  are  on  to  something  --  your  efforts  will 
help  ensure  our  world  leadership  in  oceanography  is  maintained 
well  into  the  21st  century. 

I  am  working  to  include  the  national  security  portion  of 
your  act  in  the  Senate  DOD  Authorization  bill.   While  there  will 
be  some  differences  between  your  stand-alone  bill  and  what  I 
include  in  the  Senate  DOD  bill,  I  will  help  you  in  conference. 
You  might  want  to  call  Bob  Smith  on  this  issue  as  well.   He  is 
the  Subcommittee  Chairman  I  have  been  working  with  on  this 
effort. 

I  persoiirtlly  Uhink  this  effort  is  right  on  the  markl   Thanks 
again  for  initiating  this  bill  and  I  will  support  it  from  this 
side  of  the  Capitol . 


Sincerely  yours. 
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Good  morning.  My  name  is  Margaret  Leinen,  and  I  am  the  Dean  of  the  Graduate 
School  of  Oceanography  and  Vice  Provost  for  Marine  Programs  at  the  University 
of  Rhode  Island.  I  want  to  thank  you  for  the  opportimity  to  comment  on 
mechanisms  to  create  effective  information  and  technology  transfer  partnerships 
to  make  the  most  of  our  national  oceanographic  resources  and  assets  for  defense 
and  non-defense  industries.  In  addition  to  my  academic  perspective  on  this 
issue,  I  serve  as  President  of  The  Oceanography  Society,  a  professional  society  for 
oceanographers,  and  have  served  at  the  Chair  of  the  Board  of  Governors  of  the 
Joint  Oceanographic  Institutions,  a  consortia  of  the  nation's  major  oceanographic 
research  and  educational  institutions. 

THE  IMPORTANCE  OF  OCEANOGRAPHIC  RESEARCH  TO  NATION'S 
ECONOMY  AND  EDUCATIONAL  RESOURCES 

Economy 

The  marine  sector  of  American  industry  is  broad,  diverse  and  large.  It 
includes  not  only  ocean  technical  industries  of  the  sort  typical  of  defense-related 
industry,  but  the  products  also  include  food  resources  (fisheries,  aquaculture, 
seafood  safety,  technology  and  marketing),  transportation  (shipping  and  ports), 
recreation  (boating,  marinas,  beaches  and  other  marine  attractions),  and  non- 
food resources  (oil,  minerals,  sands,  gravel  and  construction  material).  In 
addition,  each  of  these  sectors  of  the  marine  economy  is  supported  by  a  vigorous 
techiucal  support  industry  (fishing  technology  and  seafood  processing;  nutrients, 
pumps  and  other  aquaculture  technologies;  positioning,  mapping  and  charting 
technology  for  transportation,  as  well  as  goods  handling  technologies  for  ports). 
Finally,  environmental  technology  has  become  an  industry  in  its  own  right. 
Monitoring  instrumentation  and  services  (such  as  water  quality  monitoring),  and 
management  activities  (e.g.  oil  spill  cleanup)  are  important  service  ocean 
industries. 

The  marine  industry  of  the  country  is  a  major  industry,  not  a  restricted  or 
anecdotal  area  of  work  in  which  a  few  high  tech  companies  make  electronic 
gizmos  or  ships  for  defer\se.  In  Rhode  Island  the  combined  marine-related 
businesses  and  industries  account  for  10%  of  the  Gross  Domestic  Product  of  the 
State.  In  some  states,  like  Hawaii  and  Florida,  the  percentage  is  even  higher. 
Furthermore,  many  of  these  fields  are  ones  in  which  we  are  the  acknowledged 
world  leaders  in  information  and  research,  but  not  in  goods  production  (such  as 
aquaculture  and  its  technology).  Thus,  there  is  much  room  for  economic  growth 
in  this  sector  of  the  economy.. 

An  important  corollary  effect  on  the  economy  is  that  because  of  the 
enormous  attraction  of  coastal  areas  for  business  and  for  quality  of  life,  the 
Department  of  Commerce  estimates  that  43%  of  the  jobs  in  the  country  are  in  the 
coastal  zone  -  our  ocean  interface.   This  means  that  the  quality  of  life  for  a  large 
fraction  of  our  wealth-producers  is  closely  linked  to  the  coast  and  ocean  and  to 
their  effective  management.  These  thoughts  are  close  to  the  hearts  of  Rhode 
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Islanders  this  week  with  the  terrible  environmental  tragedy  of  last  Friday's 
grounding  of  the  North  Cape  oil  barge. 

Educational  Resources 

As  is  the  case  forother  major  industries  in  the  US  like  health  and 
agriculture,  marine-related  industry  and  business  has  fostered  strong  links  with 
our  nations'  higher  educational  institutions  and  the  interdependence  of  the  two  is 
the  key  to  our  economic  well-being  as  well  as  our  marine  military  advantage. 

The  intense  love  for  and  scrutiny  of  our  coastal  and  maritime  resources  on 
the  part  of  the  American  public  is  reflected  in  the  interest  in  marine  education  at 
every  institution  that  offers  it.  At  the  University  of  Rhode  Island,  10%  of  entering 
undergraduates  wish  to  major  in  subjects  that  will  allow  them  to  work  in  marine- 
related  service,  business  and  industry 

WHAT  KIND  OF  PARTNERSHIPS  ARE  IN  PLACE  OR  SHOULD  BE? 
What  is  a  partnership? 

At  the  heart  of  this  discussion  is  our  agreement  that  we  need  to  and  will 
work  in  a  new  way  in  the  future  -  in  partnerships.  Key  elements  of  partnerships 
are  that  partners  plan  together,  they  execute  work  together,  and  they  evaluate  the 
results  of  their  mutual  work  together.  Subcontracts  and  consulting  are  not 
partnerships.  We  have  a  long  tradition  in  environmental  sciences  of  such 
partnerships.  Traditionally  the  most  effective  partnerships  between  the 
academic  environmental  community  and  federal  agencies  have  been  joint 
research  institutes  at  Universities  or  federal  agencies  (NOAA  Joint  Institutes)  or 
jointly  operated  research  partnerships  such  as  the  agricultural  land-grant  and 
SeaGrant  models. 

Uruversity  partnerships  with  state  government  are  common  and  there  are 
many  effective  examples.  In  Rhode  Island  the  Coastal  Resources  Management 
Council  began  with  a  Uruversity  of  Rhode  Island  partnership  to  establish  the 
basis  for  coastal  policy  and  for  policy  implementation. 

Our  partnerships  in  the  marine  field  have  not  traditionally  included  the 
private  sector,  but  this  is  critical  now.  At  the  University  of  Rhode  Islzmd,  we 
believe  that  we  have  pioneered  an  important  new  structure  in  which  marine 
industries  can  interact  with  the  University.  It  is  called  the  Ocean  Technology 
Center  and  will  be  discussed  in  more  detail  by  Dr.  Jeffrey  Callahan,  its  director. 
This  partnership  between  the  University,  the  business  community,  federal 
mission  agencies  ajid  the  National  Science  Foundation,  provides  an  effective 
mechanism  for  academic  research  to  be  planned  together  with  private  business. 
In  addition,  this  structure  has  provided  a  framework  attractive  to  additional 
investment  by  the  Department  of  Commerce  through  an  Economic  Development 
Administration  grant  and  to  investment  by  the  State  of  Rhode  Island  in 
establishing  the  center  as  a  broader  center  of  excellence  in  marine  economic 
development. 
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HOW  SCIENCE  AND  TECHNOLOGY  DEVELOPMENT  AGENCIES  AND 
PRODUCT  USERS,  PARTICULARLY  INDUSTRY,  CAN  HELP  DEFINE  THE 
NATIONAL  RESEARCH  AGENDA  IN  OCEANOGRAPHY 

I  believe  that  the  nation's  oceanographic  research  and  educational 
institutions  have,  in  collaboration  v^^ith  NSF,  niission  agencies  and  the  private 
sector,  developed  an  important  new  mechanism  to  define  the  national  research 
agenda  in  oceanography  and  marine-related  science.  We  have  developed  the 
Consortium  for  Oceanographic  Research  and  Education  (CORE),  of  which  I 
know  that  you  are  aware.  I  served  as  President  of  the  Joint  Oceanographic 
Institutions  during  the  formation  of  this  new  group.  We  have  worked  with  the 
agencies,  private  business  and  with  Congress  to  develop  mechanisms  by  which 
we  can  engage  in  a  dialogue  about  the  National  research  agenda.  We  believe  that 
this  new  mechanism  substantially  enhances  those  which  have  been  present 
before. 

The  National  Science  Foundation  and  several  of  the  marine  and 
environmental  mission  agencies  have  provided  many  opportunities  for 
researchers  and  educators  to  come  together  to  identify  appropriate  national 
research  goals  in  oceanography  and  programs  to  reach  those  goals.  The  private 
sector  has  rarely  been  a  part  of  those  discussions,  but  needs  to  be  in  the  future.  I 
believe  that  the  goals  of  CORE  provide  opportunities  in  which  this  can  take 
place.  It  is  essentia!  that  the  private  businesses  and  corporations  assist  us  by 
providing  a  perspective  and  where  the  US  marine  industry  should  be  in  the 
future.  How  the  industry  intends  to  achieve  such  goals  and  how  Universities  can 
assist  such  goals  through  their  research.  In  other  industries  such  links  are  close 
and  Universities  are  very  aware  of  the  economic  opportunities  for  the  industry  ~ 
think  of  the  agricultiu-al  industry  or  the  pharmaceutical  industry.  No  such 
approach  has  been  identified  in  oceanography  and  marine-related  fields,  but  is 
necessary. 

Such  agenda-setting  discussions  rarely  come  as  a  the  result  of  a  single 
government-sponsored  conference  or  workshop,  but  through  the  active 
participation  of  the  business  community  in  the  professional  life  of  the  field  and 
through  the  active  involvem.ent  of  academe  and  federal  agencies  in  consulting 
with  business.  This  has  not  been  a  hallmark  of  our  field,  but  must  become  one. 
Some  professional  organizations,  like  The  Oceanography  Society,  of  whichi  I  am 
the  president,  seek  to  ensure  the  broad  participation  of  the  business  community 
in  our  profession,  We  welcome  the  opport\jnity  to  work  with  federal  agencies 
and  the  Department  of  Defense  in  making  this  happen. 


THE  DEGREE  TO  WHICH  THE  DEPARTMENT  OF  DEFENSE  CAN 
CONTRIBUTE  TO  OCEANOGRAPHIC  RESEARCH  CONDUCTED  BY  NON- 
DEFENSE  AGENCIES  AND  INSTITUTIONS  THROUGH  DUAL-USE 
TECHNOLOGY  AND  DEVELOPMENT 
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There  are  several  opportunities  for  collaboration  in  which  the  Department 
of  Defense  can  contribute  to  oceanographic  research  conducted  by  non-defense 
agencies  and  institutions.  The  first  type  comprises  opportunities  for  dual-use  of 
technology  and  facilities  that  the  Department  of  Defense  wishes  to  maintain  in 
active  ser\'ice.  This,  of  course,  would  include  laboratories  like  the  Naval 
Undersea  Warfare  Center,  centers  like  the  Naval  War  College  and  other  active 
facilities,  but  also  platforms  like  ships  and  satellites,  and  other  sorts  of  facilities. 

The  second  opportunity  is  presented  by  facilities  and  platforms  that  the 
Department  of  Defense  feels  can  no  longer  be  defended  for  government  support. 
We  have  seen  active  discussions  of  dual-use  of  some  facilities,  such  as  the  SOSUS 
arrays,  but  need  to  also  discuss  the  transfer  of  facilities  that  the  Department  of 
Defense  no  longer  believes  are  necessary,  but  could  be  extraordinarily  valuable 
to  the  academic  community',  such  as  specialized  testing  facilities  and  laboratories. 
Our  national  investment  in  such  facilities  could  be  enhanced  by  transferring  their 
operation  to  academic  institutions  or  to  business /academic  consortia  far  more 
effectively  than  by  shutting  them  completely. 

Finally,  I  believe  that  the  Department  of  Defer\se  has  not  fully  described 
the  essential  role  that  it  plays  in  state  of  the  art  research  in  oceanography  to  the 
private  and  the  business  sector.  I  have  discussed  opportunity  with  the  Office  of 
Naval  Research  for  internships,  seminars  and  workshops  to  facilitate  such 
communication.  I  believe  that  we  can  all  take  an  active  role  in  such  discussions. 
And  we  at  the  University  of  Rhode  Island  look  forward  to  taking  a  leadership 
role  in  making  such  interchange  possible  through  programs  of  the  Ocean 
Technology  Center. 
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STATEMENT  FOR  JOINT  FIELD  BRIEFING  AT  NWC  ON  JANUARY  22,  1996 

Good  Boming.  I  am  Jeff  Calleihan.  In  By  remarks  I  am  going  to 
discuss  an  existing  industry/government/acadeBic  partnership  kno%m 
as  the  Ocean  Technology  Center,  of  which  I  eun  director.  The  Center 
is  located  at  the  University  of  Rhode  Island-  about  10  Biles  vest 
of  here  across  Narragansett  Bay-  and  is  part  of  the  National 
Science  Foundation's  •  Industry/University  Cooperative  Research 
Centers  Program.  As  an  NSF  I/UCRC,  OTC  represents  a  highly 
effective  model  for  fostering  collaborative  research  between 
industry,  government,  and  academe  and  for  leveraging  federal  R&D 
resources . 

As  you  probably  know,  the  National  Science  Foundation  established 
the  I/UCRC  Program  a  little  over  twenty  years  ago  for  the  expressed 
purpose  of  improving  the  process  by  which  scientific  and 
technological  research  results  are  transferred  to  American 
industry.  Beginning  with  one  center  in  the  Bid-1970's,  the  Program 
has  now  grown  to  Include  over  50  centers  at  universities  throughout 
the  country.  Each  one  focuses  on  a  different  field  of  research; 
OTC  is  the  only  one  that  specializes  in  ocean-related  science  and 
technology. 

All  of  NSF's  I/UCRCs  operate  under  similar  rules:  He  recruit 
members  from  industry  and  federal  agencies  that  have  an  interest  in 
the  research  performed  by  our  center.  The  members  pay  an  annual 
membership  fee  that  averages  about  $25,000,  and  in  exchange  they 
receive  access  to  all  research  results.  Including  royalty- free 
rights  to  any  intellectual  property  that  is  generated  from  the 
research,  and  access  .to  research  staff  and  facilities  at  URI. 
Because  they  fund  the  research  activities  of  the  Center,  the 
members  also  determine  its  research  agenda,  thereby  ensuring  that 
it  remains  relevant  to  them. 

The  highly  favorable  leveraging  I  spoke  of  earlier  results  from  the 
fact  that  virtually  all  the  research  performed  by  these  centers  is 
funded  by  meBbership  fees  and  other  monies  generated  by  grants  and 
contracts,  not  by  NSF.  The  total  annual  NSF  budget  for  the  I/UCRC 
program  is  eibout  $4M.  That  $4M  results  in  over  $60M  annually  in 
membership  fees,  university  contributions,  and  other  funding.  That 
is,  every  dollar  NSF  puts  into  the  program  generates  almost  15 
dollars  in  research  support. 

OTC  is  one  of  the  newest  I/UCRCs,  having  begiin  operations  a  little 
over  two  years  ago.  We  currently  have  eight  members:  five  ocean 
technology  firms  and  three  federal  letboratories  whose  missions  are 
ocean  related.  Six  of  our  members-  NUHC  and  all  five  industry 
members-  are  from  the  southeastern  New  England  region.  That  most  of 
our  members  are  from  this  region  reflects  the  fact  that  there  is  a 
cluster  of  such  companies  and  federal  labs  here.  Our  membership  is 
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a  cross  section  of  the  ocean  technology  industry-  Most  of  the 
companies  in  this  sector  are  small,  typically  employing  fewer  than 
50  people.  A  few  -  like  Raytheon,  an  OTC  member  -  are  large,  and 
they  frequently  are  (or  have  been)  defense  fizus.  Ocean  technology 
companies  as  a  group  are  entrepreneurial,  creative,  and  aggressive, 
and  they  produce  world  class  products.  A  large  proportion  of  their 
sales  -  often  more  than  half  -  are  from  outside  the  US. 

Given  the  makeup  of  our  center,  we  have  focused  our  R&D  program  on 
two  segments  of  the  ocean  technology  spectrum:  ocean  acoustics  and 
marine  environmental  monitoring  systems.  In  the  two  years  of  OTC's 
existence,  we  have  undertaken  five  "core"  projects  that  are  of 
general  interest  to  all  our  members,  and  we  have  also  performed 
several  proprietary  projects  that  have  been  funded  separately  by 
members  with  specific  interests  in  those  projects.  Two  examples  of 
our  core  program  are  a  project  to  develop  a  miniature  winch  that 
sits  on  the  ocean  bottom  and  samples  the  water  column  from  the 
bottom  to  the  surface  by  unreeling  a  small  sensor  package?  and  a 
system  kno%m  as  COASTMAP  for  collecting  and  analyzing  marine  data 
from  a  network  of  sensors  along  the  coast  and  then  using  the  data 
to  forecast  conditions  in  the  future.  We  are  in  the  midst  of 
developing  a  plan  for  a  major  expansion  of  our  research  program 
into  marine  foods  technologies"  fishing,  aquaculture,  and  seafood 
processing-  and  we  are  seeking  funding  for  the  expanded  Center  from 
the  state  of  Rhode  Island  under  its  Research  Centers  of  Excellence 
Program. 

While  the  I/UCRC  Program  is  very  effective  in  terms  of  leveraging 
NSF  funds,  the  aggregate  statistics  mask  some  problems  that  are 
specific  to  the  ocean  technology  industry.  These  problems  stem 
from  two  factors:  (1)  the  small  size  of  many  companies  in  this 
industry  and  (2)  the  critical  role  that  federal  R&D  funding  - 
specifically  OoD  and  NSF  -  plays  for  all  of  them,  even  very  large 
firms.  I  have  already  pointed  out  that  many  of  the  companies  in 
the  ocean  technology  sector  are  small,  and  their  small  sizes  limit 
the  amount  they  can  Invest  in  R&D.  One  suggestion  I  would  make  to 
help  small  firms  like  those  in  our  industry  invest  more  in  R&D  is 
estzUolishment  of  a  federal  tax  credit  for  investments  in 
cooperative  R&D  partnerships  like  the  OTC. 

Let  me  now  turn  to  the  second  factor-  the  role  of  federal  R&D 
funding  in  ocean  technology.  It  is  no  secret  that  federal  funding 
is  extremely  important  for  ocean  R&D  in  general.  The  Navy  plays  an 
especially  Important  role  in  supporting  applied  scientific  research 
and  technology  development  in  the  ocean.  The  reason  for  that 
support  is  obvious:  the  Navy  has  a  need  to  understand  the 
environment  in  which  it  performs  its  mission.  The  collapse  of  the 
Soviet  Union  has  led  some  to  conclude  that  the  need  for  investment 
in  antisubmarine  warfare  -  the  mission  area  that  drives  much  of  the 
Navy's  oceanographic  R&D  program  -  has  been  greatly  reduced.  This 
attitude  results  in  reductions  in  funding  related  to  ASW,  and  is 
having  a  direct  impact  on  the  ocean  technology  Industry. 
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I  believe  that  this  attitude  is  short  sighted.  There  is  no  doubt 
in  my  mind  that  the  US  is  today  the  world  leader  in  essentially  all 
aspects  of  ocean  technology  because  of  the  investments  made  by  the 
Navy  and  other  federal  agencies  over  the  past  fifty  years.  The 
technology  that  has  come  out  of  that  investment  has  been  crucial  to 
our  efforts  to  understand  the  ocean  and  to  improve  national 
security  in  terms  of  both  defense  capability  and  economic  strength. 
It  is,  in  a  very  real  sense,  the  infrastructure  that  en2kbles  the 
country  to  utilize  the  ocean  for  the  economic  and  social  benefit  of 
all  its  citizens.  For  example,  today's  underwater  search  and 
recovery  capabilities,  to  say  nothing  of  the  pinpoint  navigation 
that  is  required  in  many  commercial  ocean  operations,  are  the 
direct  result  of  DoD  R&D  programs. 

In  the  past,  the  Navy  and  other  federal  agencies  have  been  the 
catalysts  for  much  of  the  ocean  technology  development  that  has 
occured  in  this  country.  For  the  US  to  maintain  its  leadership 
role  in  ocean  technology,  they  will  have  to  play  that  role  in  the 
future.  Therefore,  as  the  federal  government  determines  priorities 
for  R&D  funding  in  the  future,  I  would  urge  you  to  keep  ocean 
technology  development  high  on  the  list.  And  as  we  search  for  new 
arrangements  for  funding  and  performing  ocean  technology 
development  in  the  post  Cold  War  world,  I  would  urge  you  to 
continue  to  encourage  partnerships  -  llJce  the  NSF  I/UCRC  Program- 
that  strengthen  the  mutually  beneficial  relationships  that  exist 
between  the  Navy  and  other  federal  agencies  and  the  ocean 
technology  community. 

f(l*:  hearing. nue 
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PRESENTATION  BY  DR.  PETER  H.  CRESSY 

CHANCELLOR,  UNEVERSJTY  OF  MASSACHUSETTS  DARTMOUTH 

CONGRESSIONAL  HEARING 

MONDAY,  JANUARY  22,  1996, 11:00  A.M. 


Mr.  Chairman: 

Thank  you  very  much  for  this  opportunity  to  testify  before  your  important 
committee.  Let  me  speak  both  as  a  Chancellor  of  a  research  university  and  as  a 
former  admiral  in  the  United  States  Navy.  I  fully  support  the  importance  of 
balancing  the  budget  and  reducing  the  national  debt  as  fast  as  is  reasonably 
possible.  I  believe,  however,  that  we  should  do  so  in  a  way  that  we  do  not  lose 
the  entrepreneurial  advantage  we  have  gained  through  50  years  of  defense- 
related  ocean  and  marine  science  research.  We  should  not  lose  the  opportunity 
to  create  jobs.  We  should  not  lose  the  opportunity  to  protect  the  ocean 
environment.  The  research  foundation  development  in  ocean  and  marine 
science,  created  by  our  national  security  effort  and  particularly  by  the  U.S.  Navy, 
is  a  national  treasure.  Others  will  talk  today  about  the  need  to  continue 
fundamental  research  in  the  ocean  and  coastal  environment.  I  agree  with  this 
requirement,  and  I  believe  it  is  entirely  appropriate  and  in  the  best  interest  of  the 
United  States  and  its  national  security  to  ensure  that  appropriate  funding  flows  to 
our  universities  and  research  institutes  in  a  manner  that  supports  national  security 
in  the  traditional  manner,  but  also  concerns  itself  with  translating  the  discoveries 
we  make  there  in  support  of  our  national  security  in  terms  of  our  economy  and  the 
environment. 

I  would  like  to  speak  today  of  how,  with  relatively  small  dollars,  we  can  take 
advantage  of  a  great  deal  of  research  that  has  already  been  accomplished  in 
submarine  warfare  and  anti-submarine  warfare,  and  in  literal  warfare  particularly 
in  the  areas  of  sensors,  instrumentation,  communication,  and  modeling,  i  believe 
that  the  Technology  Reinvestment  Project  and  particulariy  the  concept  of 
Regional  Technology  Alliances  (RTA)  was  fundamentally  a  brilliant  concept.  I 
have  no  doubt  that  there  may  have  been  administrative  flaws  and  that  it  may  have 
been  reasonable  to  reduce  funding  in  certain  areas,  but  it  was  an  extremely 
innovative  approach  to  capturing  the  technological  advances  that  were  the  direct 
outcome  of  national  defense  research. 
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Fifteen  months  ago,  the  University  of  Massachusetts  Dartmouth  teamed 
with  senior  scientists  from  other  universities,  including  Harvard;  Woods  Hole;  and 
the  University  of  Rhode  Island,  teamed  with  key  defense  industries  interested  in 
conversion  such  as  Raytheon;  Sippican;  and  Physical  Sciences  Inc.,  teamed  with 
the  Navy  Undersea  Warfare  Center,  which  is  located  next  door  to  us  here  in 
Newport.  We  developed  a  natural  laboratory  concept  entitled  "MASSRICON"  for 
Massachusetts,  Rhode  Island,  and  Connecticut. 

The  essence  of  this  proposal  was  designed  to  take  advantage  of  the 
complex  waters  off  the  coast  of  Connecticut,  Rhode  Island,  and  Massachusetts 
extended  out  to  the  great  fishing  grounds  of  Georges  Bank,  develop  new  data 
collection  system,  develop  new  instrumentation  concepts,  and  adapt  open  ocean 
and  coastal  computer  simulation  models  of  ocean  flows  in  a  manner  which  would 
create  new  opportunities  for  industry  and  which  would  provide  a  whole  new 
approach  to  managing  the  environment  in  a  cost-effective,  environmentally  safe 
commercially  advantageous  way.  The  area  from  Boston  to  Rhode  Island  to 
Eastern  Connecticut  has  arguably  the  richest  collection  of  marine  science 
academic  institutions  in  the  nation.  It  is  no  accident  that  it  is  equally  rich  in  high- 
tech  defense  and  marine  industry.  As  the  associated  chart  shows,  it  is  also  an 
extremely  interesting  and  dynamic  marine  region  which  includes: 

•  the  dynamic  interaction  of  coastal  and  oceanographic  currents. 

•  some  of  the  world's  richest  fishing  areas. 

•  extensive  commercial  and  recreational  usage  of  the  sea  lanes. 

•  important  military  applications. 

We  believe  that  we  have  developed  the  foundation  of  a  unique 
public/private  partnership  that  can  support  the  environment  while  supporting 
commercial  and  military  applications.  We  believe  that: 

•  we  can  substantially  enhance  the  marine  instrumentation  industry  by 
developing  cost  effective  sensors. 

•  we  can  develop  new  concepts  for  integrating  complex  data  from  multiple 
coastal  and  ocean  sites. 
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•  we  can  improve  our  understanding  of  environmental  dynamics  in  a  way  that 
will  improve  the  fishing  regulatory  process;  improve  fishing  methods;  reduce 
damage  to  the  habitat  by  fishing 

•  improve  our  understanding  of  the  impact  of  dredging;  increase  the  opportunity 
for  safe  dredging;  increase  our  understanding  of  urban  effluent  on  the 
environment;  improve  the  ability  of  industry  to  operate  near  estuaries  and 
shorelines 

•  and  most  importantly  develop  a  scientifically-based  set  of  algorithms  and 
models  that  will  allow  port  captains  and  environmental  regulatory  authorities  a 
systematic  way  to  deal  with  environmental  specifics  of  their  particular  port 
harbor,  estuary,  or  region  in  a  manner  which  is  safe  but  commercially 
supportive. 

These  concepts  would  be  a  substantial  factor  in  helping  the  United  States 
capture  a  large  portion  of  the  world's  marine  environmental  regulatory  and 
remediation  industry.  This  industry  is  projected  to  be  as  large  as  $250  billion 
annually  by  the  year  2006.  This  could  mean  thousands  of  well-paying  jobs  for  the 
United  States,  a  vastly  improved  regulatory  climate,  fhendly  both  to  the 
environment  and  commerce  and  real  progress  in  fisheries  management.  This  is 
not,  Mr.  Chairman,  a  pie-in-sky  idea-we  are  ready  to  go  with  a  solid  plan. 

In  April  of  1995,  Mr.  Chairman,  this  proposal  had  been  ranked  Number  1  of 
143  by  the  Technology  Reinvestment  Project.  We  had  identified  $3  million  in 
private  funds  available  to  match  $3  million  in  federal  funds  to  launch  this  important 
project.  A  week  later,  the  Regional  Technology  Alliance  money  was  rescinded  by 
a  well-intentioned,  budget-balancing  Congress.  I  applaud  the  Congress'  effort  to 
balance  the  budget,  Mr.  Chairman.  I  submit,  however,  it  is  now  time  to  review  our 
allocation  of  research  dollars.  I  submit  that  programs,  such  as  MASSRICON. 
deserve  your  close  attention  and  that  the  Regional  Technology  Alliance  should  be 
re-established  at  an  appropriate  level.  Thank  you,  Mr.  Chaimrian,  for  the 
opportunity  to  testify  before  your  distinguished  committee.  With  your  permission,  I 
ask  that  my  statement  be  included  in  the  record  and  that  a  brief  outline  of  the 
MASSRICON  Natural  Laboratory  Project  and  its  scientific  plan  be  attached  to  this 
testimony.  I  would  like  to  ask  permission  for  my  colleagues.  Dr.  Brian  Rothschild, 
the  Director  of  our  Marine  Science  Center;  and  Dr.  Robert  Weiss,  a  leader  in  the 
marine  industry,  to  each  make  a  comment.  Thank  you,  sir! 

1/19/96  /ct 
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Testimony  of  Mark  D.  Gould,  Ph.D.,  Dean  of  the  College  of  Arts  and  Sciences,  Roger 
Williams  University,  Bristol,  Rhode  Island  to  the  Joint  Field  Hearing  of  the  House 
Committee  on  National  Security,  Subcommittee  on  Military  Research  and 
Development,  the  House  Committee  on  Resources,  Subcommittee  on  Fisheries, 
Wildlife,  and  Oceans,  and  the  House  Committee  on  Science,  Subcommittee  on 
Energy  and  Environment  on  22  January  1996  at  the  Naval  War  College,  Newport, 
Rhode  Island 

Friends, 

We  are  at  war.  It  is  not  the  traditional  battlegroimd,  but  one  which  is  far  more 
serious,  for  its  insidious  nature  threatens  our  long-term  existence  as  a  country.   Any 
war  has  winners  and  losers,  and  I  am  quite  concerned  that  we  do  not  lose.  Our 
country  is  precious  and  we  must  fight  to  niaintain  it. 

Witness  what  I  see  now  in  the  southern  New  England  region  but  not  unique 
to  the  area: 

•  fishing  banned  due  to  overfishing  and  pollution 

•  flight  of  industry  from  the  inner  cities 

•  economic  cutbacks  within  the  defense  industry  and  down-sizing  by 

corporations  resulting  in  loss  of  jobs 

•  lowering  of  educational  expectations,  especially  in  the  sciences  and 

technology 

•  societal  destruction:  increasing  crime,  violence,  drug  use,  family  breakdown 

•  environmental  degradation 

The  list  could  continue,  and  each  topic  could  and  should  be  the  discussion  for 
many  hearings  and  debates.   However,  if  we  follow  the  tiaditional  approach  to  the 
problems,  we  will  continue  to  arrive  at  partial  solutions,  never  coming  to  grips  with 
the  whole.   All  of  the  components  are  inter-connected,  but  we  tend  to  look  at  the 
symptoms  of  the  disease  and  not  at  the  sources. 
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Instead,  we  compartmentalize  our  systems.   For  example,  fisheries  are  dealt 
with  by  organizations /goverrunental  units  such  as  the  Departments  of  Interior  and 
Comm.erce,  state  agencies,  local  groups,  educational  communities,  consumers, 
marketers,  and  of  course  fishermen.   Each  of  the  constituencies  has  a  say  and  each 
wants  to  stake  its  role  in  the  harvest  of  the  fish.   The  "common  resource,"  however, 
can  only  support  a  finite  fishery,  but  demand  has  become  infirute,  and  profits  are  the 
bottom-line.     Each  unit  develops  "solutions,"   usually  with  little  or  no  consultation 
with  the  other  xinits.  The  result  is  the  degradation  of  the  resource  (with  a 
corresponding  loss  of  jobs,  a  decreased  food  supply,  and  a  deteriorated  ecosystem) 
while  no  one  watches  over  the  whole. 

Your  hearings  must  address  aU  the  interactions,  the  whole  picture.  And  what 
is  the  whole?  It  is  comprised  of  people  and  organisms  living  and  participating 
within  a  greater  community  and  the  physical  world.   We  must  begin  to  look  at  all 
our  activities  and  understand  the  connections  between  industry,  the  environment, 
and  people's  lives.  The  quality  of  life  is  a  prime  concern  for  all  Americans.  If  your 
life  is  shortened  by  living  in  a  city  (as  statistics  show),  if  you  cannot  afford  food,  and 
if  you  do  not  have  a  job,  your  belief  in  government  and  country  diminishes. 
In  the  long  term  to  maintain  a  good  quality  of  life  and  for  our  economic  system  to 
flourish,  we  have  to  honor  the  biological  and  physical  components  of  the 
community  we  live  in.    In  a  healthy  ecosystem  there  are  many  diverse 
components;  we  too  must  be  able  to  integrate  our  economics,  environment,  and 
education  to  achieve  our  goals. 

As  one  who  has  been  involved  within  the  educational  arena  for  many  years,  I 
am  quite  concerned  that  our  citizens  are  increasingly  technologically  illiterate.   Be  it 
the  use  of  computers  or  mathematics,  perhaps  a  better  paradigm  would  be  to  study  a 
few  topics  in  depth  and  generate  excitement  to  learn  more.   Within  the 
undergraduate  marine  biology  program  at  Roger  Williams  University,  my 
colleagues  and  I  provide  a  broad  training  to  our  students.   By  combining  physics. 


221 


geology,  chemistry,  eind  biology,  we  teach  them  to  see  the  connections  among  the 
disciplines.  By  using  real-life  scenarios  such  as  the  collapse  of  the  George's  Bank 
fishery,  they  learn  to  understand  political  and  economic  realities.  Such  programs 
demonstrate  that  oceanography  can  be  an  ideal  model  for  understanding  and 
developing  broad  societal  solutior\s. 

So,  where  do  we  begin?  We  have  to  think  of  the  whole  and  ask  ourselves 
where  should  our  country  be  in  the  future.   I  would  love  to  give  you  the  perfect 
solution  to  solve  the  forementioned  problems.     I  can't.  However,  I  envision  steps 
and  directions  which  should  commence  immediately. 

I  recommend  that  we  begin  a  collaboration  among  the  components  of  our 
national  "ecosystem"--economic,  educational,  cultural,  and  environmental. 
Specifically,  a  national  policy  can  help  develop  solutions  for  the  future  in  the 
following  areas: 

•  education:   We  need  a  population  that  is  both  technologically  and 
biologically  aware.  Introduce  a  coherent  and  integrated  program  based  on  the  whole 
picture  to  primary  and  secondary  students  and  teachers,  incorporating  local  field 
trips,  lectures,  summer  camps,  etc.   The  aquatic  environment  provides  an  excellent 
medium  for  such  study,  since  the  need  for  water  exists  in  all  communities  and  is 
important  for  all  life  functions.    Such  a  program  will  result  in  a  better 
Tonderstanding  of  science  and  technology,  as  well  as  a  heightened  awareness  of  the 
world  surrounding  us  and  our  connections  to  it.   Children  taught  by  such  programs 
will  pass  this  learning  on  to  their  parents. 

At  the  college  level,  continue  to  nourish,  in  lively  ways,  the  interest  in 
science.   Marine  biology  is  one  discipline  which  at  the  undergraduate  level  provides 
a  thorough  understanding  of  the  sciences  but  does  not  preclude  other  fields  of 
employment.   Upon  graduation  we  will  have  a  scientifically  and  technically  literate 
person  who  can  continue  in  the  sciences  or  other  disciplines. 
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•  economics:   We  need  to  collaborate  with  businesses  to  determine  their 
needs;  new  economies  will  develop  (example:  a  crab  processor  has  a  waste  stream 
problem,  is  there  a  solution  for  the  materials?  Yes,  the  material  can  be  used  for 
medicinal  purposes).  Technology  that  was  developed  for  defense  can  be  used  for 
environmental  mapping,  resource  development,  etc.   Many  of  tools  are  available, 
but  what  is  crucial  is  the  sharing  of  the  materials  and  beginning  to  postulate 
potential  uses. 

The  war  we  are  in  is  real.  Degradation  of  our  economy,  our  culture,  our 
scientific  and  techrucal  understanding,  and  environment  make  us  a  poorer  country. 
We  must  meet  the  challenge;  I  applaud  you  for  this  hearing  today  for  it  is  from  such 
collaborative  hearings  of  committees  as  diverse  as  these  three  House  Committees 
that  true  solutions  will  come  which  will   address  and  solve  the  needs  of  America. 

Thank  you. 
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Dr.  James  Luyten 

Associate  Director  of  Research 

Woods  Hole  Oceanographic  Institution 

Woods  Hole,  MA  02543 

January  22,  1996 


I  have  the  honor  to  serve  as  the  Associate  Director  of  Research  at  the  Woods  Hole 
Oceanographic  Institution  (WHOI).  We  are  the  largest  private,  non-profit  oceanographic 
institution  in  the  country  and  one  of  the  premier  marine  science,  engineering  and  education 
centers  in  the  world. 

The  Institution's  location  in  the  northeast  is  no  accident.  It  was  established  here  in  1930  on 
the  recommendation  by  the  National  Academy  of  Sciences  for  the  need  of  an  east  coast  facility 
with  access  to  coastal  and  deep  oceans  as  well  as  to  New  England  colleges  and  universities. 

The  Institution  is  located  in  Woods  Hole,  Massachusetts,  and  is  the  largest  single  employer 
on  Cape  Cod.  It  is  a  private  institution  dedicated  to  ocean  basic  research  and  fundamental 
engineering,  as  well  as  to  graduate  education.  At  the  present  time  we  employ  about  150  Ph.D. 
level  scientists  and  engineers,  including  some  of  the  most  distinguished  investigators  in  the  world. 
We  have  an  annual  budget  of  $80M.  Most  research  is  originated  by  individual  investigators,  and 
fijnded,  through  their  own  individual  initiative,  by  federal  agencies  such  as  the  National  Science 
Foundation  and  the  Office  of  Naval  Research  Although  the  Institution  has  an  historical 
reputation  for  work  in  the  deep  ocean,  about  40%  of  our  support  and  many  of  our  best  scientists, 
are  dedicated  to  the  coastal  research  so  important  to  regional  partnerships. 

Our  Institution  has  benefited  from  its  geographical  setting.  Within  the  village  of  Woods 
Hole,  there  are  two  important  federal  laboratories,  as  well  as  two  other  academic  institutions  On 
a  broader  scale,  we  benefit  from  the  proximity  to  several  excellent  universities  in  the  greater 
Rhode  Island/Massachusetts  region.  Further,  we  have  historically  benefited  from  the  proximity  of 
two  major  Navy  development  centers  and  from  the  marine  technology  industry  in  nearby  towns. 
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We  have  also  aligned  ourselves  with  U  Mass-Dartmouth,  Harvard  University,  NUWC  and 
industry  to  address  problems  of  the  important  semi-enclosed  bays  of  this  region  such  as  Cape 
Cod,  Buzzards,  and  Narragansett  Bays,  as  well  as  the  New  York  Bight  and  Gulf  of  Maine 
These  bays  feel  tremendous  pressures  from  neighboring  human  populations,  both  for  recreation 
and  for  income.  (In  fact,  we  are  experiencing  a  vivid  example  of  this  pressure  with  a  major  oil 
spill  that  has  just  occurred  in  the  southern  reaches  of  Narragansett  Bay.)  These  are  problems  that 
are  regional  in  nature  and  require  regional  study  and  solutions  Lessons  learned  in  one  regime  are 
transportable  to  the  others.  We  bring  to  the  table  very  high  quality  science  with  years  of 
experience,  collecting  and  interpreting  data  from  such  environments. 

Although  emphasis  at  our  Institution  is  placed  on  fijndamental  understanding  and 
development,  we  are  very  proud  of  our  historical  record  of  addressing  our  nation's  practical 
needs  Early  work  involved  studying  the  New  England  fisheries  and  that  work  continues  to  today 
with  renewed  urgency  in  the  face  of  the  crisis  in  fisheries  in  the  region.  I  will  say  more  shortly 
about  fisheries 

First,  I  would  like  to  say  some  words  about  Woods  Hole's  historical  partnership  with  the 
U.S  Navy.  This  is  a  story  of  which  we  are  very  proud  During  World  War  FI,  the  Institution 
became  a  major  player  in  aiding  the  Navy's  research  and  development. 

•  We  worked  closely  with  the  Na\7  to  develop  sensors  that  could  be  used  in 
submarine  warfare  as  tactical  aids  for  avoiding  or  breaking  detection  while 
optimizing  our  own  sensor/sonar  performance.  Further,  we  helped  the  anti- 
submarine warfare  developers  explain  the  confounding  "afternoon  effect"  that 
severely  limited  surface  ship  sonars. 

•  World  War  II  research  also  included  seminal  research  in  long-range  acoustic 
propagation,  marine  fouling  studies — essential  to  ship  maintenance  as  well  as  to 
mine  warfare;  and  our  work  in  underwater  explosives  We  "wrote  the  book"  on 
underwater  explosives'  effects  that  is  still  a  primary  reference  today 

•  These  contributions  to  the  nation's  defense  efforts  continued  through  to  the  Cold 
War  and  up  to  today  We  contributed  heavily  to  the  early  stages  of  the  Navy 
ocean  surveillance  system  (SOSUS)  and  to  the  concept  of  submarine  launched 
ballistic  missiles  Our  researchers  anticipated  by  3  decades  the  need  for  and 
feasibility  of  long  range  low  frequency  active  surA'eillance  systems  The 
fijndamental  knowledge  of  the  oceans  and  ocean  technology  contributed  in  a  major 
way  to  the  successful  ASW  efforts  in  the  face  of  the  huge  submarine  threat 
mounted  by  the  Soviet  Union  and  Warsaw  Pact  during  the  Cold  War 

•  Woods  Hole  has  played  a  key  role  in  the  development  of  oceanographic  research 
platforms  and  instruments  The  deep  diving  submarine  Alvin  is  a  prime  example 
A/\'iii  was  the  first  successful  attempt  to  give  us  routine  access  to  the  abyss 
Continually  updated  over  the  years,  A/vin  continues  to  be  the  most  effective  and 
efficient  manned  submersible  today     We  are  proud  to  operate  this  facility  for  the 
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nation's  scientists.   Alvhi  also  is  an  emergency  salvage  asset  for  the  Navy  and  has 
on  a  couple  occasions  performed  that  mission  very  successfully 

WHO!  has  played  a  leading  role  in  the  development  of  other  technology  both  for  the  Navy 
and  the  research  community  at  large.  I  cannot  emphasize  too  strongly  how  important  this 
technology  development  has  been  and  will  continue  to  be  to  the  continuing  advancement  of  our 
state  of  knowledge  of  the  world's  oceans 

Just  to  mention  a  few  of  those  instruments.  We  have  developed  a  family  of  fiber  optic  cable 
based  deep  ocean  instruments  ranging  from  very  simple  towed  instrument  sleds  to  very 
sophisticated,  maneuverable  remotely  operated  vehicles  (ROVs).  This  technology  has  been 
transferred  directly  back  to  the  Navy  who  are  using  it  for  naval  surveys  Other  instrumentation 
includes  important  sensors  like  current  meters,  highly  sensitive  conductivity,  temperature  and 
density  (CTD)  instruments,  sediment  traps,  and  deep  and  shallow  water  mooring  techniques  We 
are  deeply  involved  on  the  cutting  edge  of  AUV  (Autonomous  Undersea  Vehicle)  development 

As  I  have  noted  earlier,  the  Institution  has  a  long  and  distinguished  record  of  working  with 
the  Navy  on  Navy-related  problems  We  have  a  long  record  in  other  types  of  ocean  research  Let 
me  give  just  one  example  of  immediate  relevance 

•  Our  scientists  carried  out  a  long-term  program  of  research  on  the  fate  and  effects 
of  the  1969  FLORIDA  oil  barge  spill  that  affected  the  shores  of  Cape  cod.  This 
effort  provided  guidance  for  coastal  zone  managers  worldwide  and  is  the 
underpinning  of  a  significant  portion  of  what  is  known  about  the  fate  and  effects  of 
home  heating  oil  spills. 

In  short.  Woods  Hole  basic  and  applied  research  has  played  a  proud  role  in  meeting  national 
needs  since  the  Institution's  founding  in  1930 

The  objective  of  today's  hearing  is  to  discuss  partnerships,  on  a  regional  basis,  among 
business,  government  and  industry 

Our  Institution  has  established  several  partnerships  that  meet  this  description.  I  would  like 
to  provide  a  few  examples. 

•  We  have  a  formal  agreement  with  the  United  States  Geological  Survey  (USGS) 
office  in  Woods  Hole.  USGS  and  Woods  Hole  scientists  interact  daily  as 
colleagues  and  have  entered  several  joint  ventures  over  the  years.  A  good  example 
is  the  ongoing  to  work  to  study  the  circulation  in  Massachusetts  Bay  that  is 
motivated  by  the  need  to  understand  the  dispersal  of  contaminants  from  the  new 
Boston  offshore  sewer  outfall  this  is  a  complex  and  emotional  issue  where 
rigorous  scientific  input  has  been  caicial 

•  We  have  a  formal  agreement  with  the  NOAA  National  Marine  Fisheries  Service 
laboratory  at  Woods  Hole.     This  agreement  has  helped  to  foster  joint  research 
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exemplified   by  the  ongoing  GLOBEC   (Global   Ocean   Ecosystems   Dynamics) 
program  on  Georges  Bank. 

As  many  of  you  know,  Georges  Bank  is  an  extremely  valuable  and  endangered  fishery  In  a 
normal  year,  the  US  catch  from  this  region  is  valued  at  about  $800M,  most  of  it  flowing  into 
coastal  communities  in  southern  New  England  Further,  the  total  economic  impact  of  this  fishery 
is  enhanced  by  a  multiplier  of  about  4-8  The  loss  of  this  fishery  is  therefore  devastating  in  the 
coastal  commimities  that  are  the  home  to  New  England's  fishing  industry  This  fisher>'  lias  been 
in  a  severe  decline  over  the  last  five  years,  and  parts  of  it  have  been  closed  Intelligent 
management  decisions  about  how  to  manage  fisheries  on  the  Bank  require  knowledge  of  what 
went  wrong  and  how  the  physical-biological  system  operates. 

This  is  where  GLOBEC  research  enters  the  picture  Woods  Hole  scientists  are  teaming  up 
with  government  researchers,  as  well  as  scientists  from  other  academic  institutions,  to  gain  a  basic 
understanding  of  how  flow  patterns  over  the  Bank  act  to  support  the  high  biological  productivity 
and  productive  fishery  normally  found  in  this  region  This  is  a  major,  ongoing  program,  but  it  is 
already  producing  important  insights  that  will  be  of  use  to  fisheries  managers 

•  Individual  Woods  Hole  scientists  are  carrying  out  important  fundamental  research 
on  the  toxic  chemicals  in  the  marine  environment  This  includes  work  on  where 
the  chemicals  come  from  how  they  are  removed  from  the  system  and  what  damage 
they  might  do  Some  of  this  work  has  concentrated  in  the  new  Bedford  harbor, 
providing  a  definite  local  benefit 

•  Wood  Hole  Oceanographic  Institution  is  a  host  institution  for  the  Massachusetts 
Sea  Grant  program  This  ongoing  program,  involving  funds  jointly  froir,  the 
federal  government,  the  state  and  local  institutions,  has  specialized  in  research 
focused  on  practical  benefits  for  the  local  environment  and  economy  A  good 
example  of  Sea  Grant  Research  at  Woods  Hole  is  that  by  Drs  Stegeman  and 
Moore  on  flounder  tumors  a  problem  that  is  both  good  science  and  of  practical 
importance 

•  Woods  Hole  scientists  are  among  the  world  leaders  in  research  on  "red  tides",  the 
blooms  of  microscopic  toxic  marine  plants  that  lead  to  human  health  hazards  and 
closing  of  valuable  shellfish  fisheries  Naturally  enough,  much  of  this  work  has 
taken  place  along  the  coasts  of  the  New  England  region,  and  has  led  to  a  far  better 
understanding  of  how  toxic  blooms  are  caused  and  spread 

•  Woods  Hole  ocean  engineers  have  developed  close  ties  with  nearby  Navy 
laboratories,  such  as  the  Naval  Undersea  Warfare  Center  (NUWC)  here  in 
Newport  This  work  involved  undersea  autonomous  vehicles  that  can  be  used  for 
mine  countermeasures,  a  critical  area  in  the  newly-defined  missions  of  the  United 
States  Navy  In  addition,  our  engineers  are  providing  important  contributions  to 
local  Navy  laboratories  in  problems  involving  undersea  communications  and 
acoustics 
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•  Most  of  the  above  examples  have  involved  cooperations  with  governmental 
entities,  and  the  local  economic  benefits  have  been  relatively  indirect.  The 
Institution,  however,  has  very  direct  partnerships  with  local  businesses,  mainly 
through  spawning  local  small,  high  technology  companies  that  specialize  in  ocean 
instrxjmentation  or  in  environmental  consulting  services. 

Throughout  the  previous  examples,  I  have  emphasized  the  partnerships  that  have  a  distinctly 
regional  focus  I  would  like  to  point  out,  however,  that  some  of  our  partnerships  having  a 
national  focus  can  still  have  distinct  local  benefits.  Let  me  give  an  example: 

•  The  United  States  Na\7  is  presently  very  concerned  about  problems  involving 
mine  countermeasures  (MCM)  in  the  coastal  ocean.  One  of  the  primary  issues 
here  is  how  ocean  sediment  (sand)  scours  out  or  buries  mines  Thus,  the  Navy  is 
actively  interested  in  sediment  transport  in  the  coastal  ocean,  and  Woods  Hole 
scientists  are  actively  involved  in  basic  research  on  this  topic  Through  the  Navy's 
policy  of  encouraging  dual  use  research,  the  same  scientific  and  engineering  results 
that  will  help  improve  warfighting  capabilities  will  be  useful  to  civilian  coastal 
engineers  for  dealing  with  beach  erosion  and  coastal  hazards  Beach  erosion  alone 
costs  this  nation  hundreds  of  milhons  of  dollars  each  year  in  property  damage  and 
attempts  at  remediation. 

I  could  give  numerous,  similar  examples  of  Woods  Hole  partnerships  with  the  Navy  that 
involve  advances  in  coastal  meteorology,  instrument  development  and  marine  pollution. 

We  are  very  proud  of  Woods  Hole's  track  record  of  partnerships.  These  efforts  have 
provided,  and  continue  to  provide,  practical  information  for  a  variety  of  users,  and  have  made 
good  use  of  increasingly  scarce  assets  We  value  our  regional,  as  well  as  national,  partnerships, 
and  we  hope  to  make  them  grow  in  the  future.  We  applaud  the  recent  governmental  trend  to 
break  down  institutional  barriers  and  allow  more  effective  cooperation  among  the  private, 
governmental  and  academic  sectors. 

We  at  Woods  Hole  are,  of  course,  concerned  about  possible  decline  in  funding  for  scientific 
and  engineering  research  and  education.  The  issue  is  not  simply  one  of  the  health  of  our  own 
institution  and  dependent  aspects  of  the  nearby  economy.  The  broader  problem  is  that  declining 
funds  could  potentially  postpone  or  cancel  societal  benefits  that  we  see  on  the  horizon.  For 
example,  the  GLOBEC  Georges  Bank  study  promises  to  revise  our  thinking  about,  and 
management  of  this  important  fishery  A  serious  decline  of  fiinding  for  this  work  could  allow  the 
continuation  of  the  previous  policies  that  have  allowed  the  present  collapse  of  the  fishery  Similar 
concerns  could  be  expressed  with  regard  to  all  the  other  partnership  examples  that  I  have  given. 

We  encourage  our  individual  scientists  and  engineers  to  develop  research  partnerships 
outside  the  academic  sector  In  the  process  of  doing  this  kind  of  research,  we  strive  to  ensure  that 
peer  review  be  a  central  paradigm  for  awarding  money.  There  are  a  few  specific  things  that  could 
be  done  that  from  the  governmental  end  to  encourage  further  growth  of  these  partnerships 
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•  Foster  communications  between  academic  scientists  and  the  government  and 
private  sectors  Our  scientists  cannot  know  where  cooperation  is  possible  unless 
they  are  aware  of  the  key  problems  in  the  other  sectors.  When  they  find  good 
matches  for  their  skills,  they  will  very  likely  contribute  to  solving  problems,  in 
addition,  it  is  impoilant  that  all  sectors  understand  each  other's  procedures  and 
long-term  motivations.  Perhaps  local  symposia  of  personnel  exchanges  will  be 
effective  for  this  purpose. 

•  Encourage  managers  at  governmental  facilities  and  in  business  to  seek  partnerships 
in  the  private  or  academic  sector  In  the  long  run,  this  policy  could  prevent  the 
establishment  of  duplicative  capabilities,  and  allow  more  efficient  solutions.  These 
partnerships  could  involve  personnel,  facilities  or  both. 

•  Getting  specific  jobs  accomplished  oflen  requires  passing  money  from  the  business 
or  governmental  sectors  to  the  academic  sector  In  some  cases,  such  as  with  the 
Office  of  Naval  Research,  the  financial  arrangements  work  very  smoothly.  ONR 
has  an  outstanding  track  record  (as  does  NSF)  for  ensuring  the  quality  and 
timeliness  of  research  activities  and  I  would  encourage  adoption  of  similar 
straightforward  procedures  on  a  broader  scale.  Any  changes,  of  course,  should 
not  be  made  without  due  accountability  and  protection  for  those  providing  funds. 

I  believe  that  there  is  a  good  deal  of  potential  for  expanding  regional  partnerships  among 
business,  government  and  the  academic  community.  In  today's  fiscal  climate,  there  appears  to  be 
a  good  deal  of  motivation  on  all  sides  for  expanding  these  tics.  With  better  communications  and 
lowered  institutional  barriers,  I  expect  to  see  a  substantial  growth  of  partnerships  on  a  regional 
basis. 
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East  Coast  Fisheries  Federation,  Inc. 

Joint  Conimitte  Hearing 

Committees  on  National  Security;  Resources;  and  Energy  and  Environment 

January  22,  1996  Naval  War  College  Newport  RI 

Thank  you,  Mr  Chairman  My  name  is  James  O'Malley  I  work  for  the  East  Coast  Fisheries 
Federation  The  federation  is  a  trade  association  of  commercial  vessels  and  their  crews, 
processors  and  wholesalers,  support  services,  and  local  fishermen's  organizations  and 
cooperatives  in  Rhode  Island,  Connecticut,  New  York  and  New  Jersey  Member  vessels  fish 
from  Georges  Bank  and  the  Gulf  of  Maine  through  the  Mid- Atlantic  to  Cape  Hatteras.  We  fish 
for  traditional  groundfish  such  as  cod  and  whiting  and  flounder,  but  also  for  export  species  like 
butterfish,  squid,  tuna,  mackerel  and  herring,  as  well  as  many  others. 

The  greatest  opportunities  we  will  have  in  fisheries  will  require  new  sources  of  data  and 
information  for  fishermen,  for  scientists,  and  for  fishery  managers.  And  that  is  the  key  message 
I  would  like  you  to  take  away  with  you  today  Our  greatest  need  is  more  information  about 
what  is  going  on  in  the  ocean,  and  we  would  get  that  if  we  had  access  to  the  kind  of 
technology  we  all  believe  exists  within  the  Department  of  Defense 

For  example,  the  use  of  satellite  data  could  be  extremely  useful  in  the  management, 
conservation  and  protection  of  several  species  that  are  of  considerable  commercial  value  to  all 
of  us,  such  as  large  pelagics  like  tuna  and  shark,  and  smaller  ones  like  mackerel  and  herring. 
Aerial  surveys  of  bluefin  tuna,  for  example,  are  limited  in  time  and  space,  and  you  miss  fish  or 
perhaps  double-count  them 

Satellite  data  could  also  be  used  to  assess  the  oceanographic  conditions  we  associate  with 
concentrations  offish,  such  as  algae  blooms,  temperature  gradients,  and  gyres.  We  know,  for 
example,  that  the  success  of  a  spawning  year  for  some  species  depends  on  the  right  conditions 
of  tide  and  wind  to  carry  eggs  to  a  friendly  bottom  structure  Perhaps  satellites  could  tell  us, 
much  sooner  than  our  present  capabilities,  of  the  likely  conditions  of  next  year's  fish  stocks 
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Satellite  data  could  also  be  critical  in  the  protection  of  oceanic  resources  that  are  of  aesthetic, 
rather  than  commercial,  value.  The  Northern  Right  Whale  is  nearing  extinction,  and  timely 
information  about  the  movements  of  individual  animals  may  save  it  as  one  of  this  world's  great 
beasts.  Populations  and  movements  of  other  mammals,  such  as  seals  and  poqjoises,  are  matters 
of  considerable  dispute,  and  perhaps  there  are  ways  to  resolve  those  disputes. 

Hydroacoustic  technology  may  also  be  useful  in  marine  mammal  issues.  There  is  a  nettlesome 
problem  in  predation  of  salmon  aquaculture  pens  by  seals.  This  situation  is  making  life  difficult 
for  the  salmon  farmers  in  Maine,  and  poses  a  barrier  to  the  growth  of  aquaculture  throughout 
New  England.  If  we  could  find  non-lethal  ways  to  keep  those  animals  away  from  salmon  cages, 
everybody  would  be  happy,  farmers  and  environmentalists  alike.  There  is  also  a  famous 
problem  in  the  Ballard  locks  in  Seattle,  where  sea  lions— one  animal  in  particular— are  a  real 
threat  to  endangered  wild  salmon  And  in  the  future,  as  the  ever-growing  populations  of 
marine  mammals  are  encountered  more  frequently  by  fishermen  during  their  operations,  we 
may  need  ways  to  keep  them  away  from  our  nets. 

I  do  believe  that  the  greatest  potential  lies  in  the  application  of  hydroacoustic  technology,  both 
to  fishery  stock  assessment  and  to  our  ongoing  efforts  to  reduce  the  catch  of  unwanted  fish, 
especially  juveniles.  My  expertise,  of  course,  is  limited  to  reading  Arthur  Clarke's  The  Deep 
Range  about  thirty  years  ago,  so  I  don't  want  to  get  in  over  my  head  But  the  Navy's  ability  to 
identify  the  source  of  sounds  in  the  water  is  legend 

If  we  had  a  system  of  sensors,  for  example,  that  let  us  know  when  fish  were  schooling  up  to 
spawn,  we  could  act  in  time  to  protect  them  We  do  our  best  now,  and  I  don't  mean  to 
disparage  our  present  state  of  fishery  science.  But  a  report  that  a  mass  of  spawning  fish  was  a 
month  early,  or  a  few  miles  away  from  where  they  were  last  year,  would  be  invaluable.  This 
kind  of  information  would  be  especially  useful  for  the  squid  resource,  a  mainstay  of  this  area's 
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fisheries.  Squid  only  live  one  year,  and  the  stock  size  is  almost  completely  unpredictable,  so  the 
danger  of  overfishing  is  greater  than  with  other  species  Timely  information  is  critical. 

I  even  envision  a  time  when  a  sensor  on  a  fisherman's  net  would  tell  him,  by  an  acoustic 
fingerprint,  that  the  fish  underneath  his  boat  is  too  small  to  catch  That  alone  would  be  the 
greatest  technical  advance  in  conservation--and  economic  return-that  could  possibly  be 
developed.  Coupled  with  the  kind  of  gear  selectivity  and  conservation  engineering  work  that  is 
now  being  done,  we  may  come  to  a  day  when  you  only  took  out  of  the  ocean  what  should  be 
taken  out  of  the  ocean. 

I  have  also  been  told  that  there  are  potentials  for  the  use  of  magnetics  in  the  field  of  fishery 
science,  particularly  in  fish  tagging  studies  which  are  used  to  determine  migratory  patterns  of 
fish.  I  am  getting  even  ftirther  in  over  my  head,  but  according  to  one  bluefin  tuna  specialist, 
they  tag  fish  with  devices  which  depend  on  recording  daylight  That  provides  information 
about  latitude,  but  not  longitude,  and  a  device  which  recorded  the  pattern  of  changing 
magnetics  on  the  ocean's  floor  would  fill  that  gap.  Please  don't  ask  me  any  technical  questions 
about  that,  Mr  Chairman.  I  am  including  written  comments  ft'om  Sebastian  Belle,  a  bluefin 
tuna  specialist  with  the  New  England  Aquarium,  with  my  testimony 

Certainly,  there  may  be  improvements  in  fishing  technology,  vessel  safety,  or  enforcement  that 
can  be  developed  with  the  assistance  of  the  Department  of  Defense.  But  I  do  believe  that 
information  about  oceanic  conditions  and  fish  stocks  and  fish  patterns  is  far  and  away  the  most 
critical  need  and  the  most  valuable  contribution  that  can  be  made  in  this  effort.  The  Navy  has 
spent  generations  on  the  task  of  identifying  "things  in  the  ocean"  And  if  that  ability  can  be 
turned  toward  fisheries  science  and  management,  spectacular  gains  could  be  made.  Hardware, 
technology  and  equipment  can  be  usefiji,  but  sheer  information  is  the  greatest  need. 
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This  is  even  more  true  for  the  deep  water  The  National  Marine  Fisheries  Service  has  always 
concentrated  its  research  in  waters  less  than  120  fathoms,  about  700  feet,  because  that's  where 
the  commercial  fisheries  took  place  But  now  we  are  fishing  at  depths  of  500  fathoms  and 
going  deeper,  perhaps  to  1000  fathoms  before  the  year  is  out  We  know  almost  nothing  about 
the  great  depths  and  their  fishery  potentials  and  vulnerabilities  If  we  are  to  safely  and 
profitably  use  those  resources,  we  need  to  get  as  much  information  about  them  as  fast  as  we 
can. 

The  partnership  between  the  Department  of  Defense  and  fishery  managers  is  not  as  strange  as 
one  might  first  think.  One  of  the  chief  reasons  that  countries  all  over  the  world  declared 
exclusive  economic  zones  was  the  realization  that  fish  is  a  strategic  resource.  The  United 
States  has,  within  its  maritime  borders,  about  20%  of  the  world's  fisher,'  resources;  and  since 
fish  is  about  a  quarter  of  the  world's  animal  protein,  that  resource  is  of  enormous  political  as 
well  as  economic  importance.  It  needs  to  be  defended,  which  is  the  job  of  the  Defense 
Department.  Defended,  incidentally,  both  fi^om  specific  threats  and  from  our  own  ignorance 
and  sometimes  even  oui  good  intentions.  If  this  partnership  can  produce  intelligence  about  the 
fisheries,  count  on  us,  the  troops,  to  use  it  well. 

Thank  you 
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TESTIHOHY  ON  REGIONAL  OPPORTUNITIES   IN  LEVERAGING 

OCEANOGRAPHIC  RESEARCH  FOR  DEFENSE  AND  NON-DEFENSE 

INDUSTRIES  AND  ACTIVITIES,   JANUARY  22,   1996 


My  name  is  Keith  W.  Stokes  and  I  am  the  Executive 
Director  of  the  Newport  County  Chamber  of  Commerce  located  in 
Newport,  Rhode  Island.   Please  accept  my  testimony  on  behalf 
of  the  Board  of  Directors  and  the  nearly  1000  members  of  the 
Chamber.   First  let  me  begin  by  welcoming  you  to  Newport.   I 
can  think  of  no  better  place  to  have  a  hearing  on  the 
economic  opportunities  of  employing  ocean  technolog^i'  than 
here  in  the  "Ocean  State." 

The  Newport  County  Chamber  has  embarked  upon  a  major 
reigional  economic  development  effort  that  has  provided  the 
catalyst  to  attract  new  business  investments,  assist  those 
existing  businesses  to  grow  and  prosper,  enhance  the  local 
tax  base,  and  maximize  the  competitive  business  advantages  of 
1 iving  within  a  state  that  boasts  over  300  miles  of 
coastline.   This  last  point  is  of  particular  consequence  to 
my  testimony  before  this  joint  field  hearing. 

The  economy  of  Newport  County  and  much  of  soutnern  New 
England  is  largely  based  upon  marine-related  tourism,  defense 
and  defense-related  technology  industries.  Blessed  with  deep 
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harbors  and  close  to  major  ocean  trade  routes,  Newport  in 
particular  is  home  to  a  highly  diverse  group  of  marine- 
related  manufacturers  and  service  industries.   The  birthplace 
of  the  United  States  Navy,  and  the  site  of  today's  hearing  at 
the  Naval  War  College,  Newport  has  continued  to  expand  it's 
national  prominence  in  defense  through  research  and 
development  of  sophisticated  communications  and  electronics 
systems.  The  Naval  Undersea  Warfare  Center  (NUWC),  with  over 
2000  employees,  is  the  principle  Navy  research,  development, 
test,  and  evaluation  center  for  submarine  systems  and  sonar 
research.   Private  defense-related  companies  such  as 
Raytheon,  General  Dynamics,  Analysis  &  Technology,  and 
Aquidneck  Management  Associates  are  but  a  few  of  the  systems 
engineering  firms  within  Newport  County  that  contract  with 
NUWC. 

Newport  County  is  also  home  to  a  multitude  of 
oceanographic  and  environmental  engineering  companies, 
including  Marine  Safety,  KVH  Industries,  and  Science 
Application  International.   Newport  County  also  boasts  direct 
access  to  one  of  the  finest  oceanography  institutions  in  the 
world  at  the  University  of  Rhode  Island's  School  of 
Oceanography.  The  school's  Ocean  Technology  Center  in 
particular  has  been  of  immense  importance  to  those  private 
sector  businesses  that  have  embarked  upon  opportunities  in 
marine-related  applied  research.   It  is  noteworthy  that  the 
Naval  Undersea  Warfare  Center  is  an  active  participant  in  the 
Ocean  Technology  Center's  many  activities.   This  has  set  the 
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stage  for  an  important  partnership  between  defense,  non- 
defense  and  educational  institutions  in  a  collaborative 
exploration  in  both  dual-use  and  marine  technology 
development.  Without  fault  to  these  participants,  what  is 
lacking  in  this  strategic  partnership  is  two  vital 
components.   First,  declining  federal  funding  in  oceanography 
and  particularly  defense  conversion  programs  has  limited  the 
opportunities  for  these  innovative  partnerships  to  progress 
into  the  most  critical  phase  of  technology  development,  that 
is,  manufacturing  extension  and  commercialization.  We  are 
finding  ourselves  rapidly  becoming  a  region,  and  possibly  a 
nation,  of  having  great  ideas,  but  little  opportunity  for 
translating  those  ideas  into  practical  and  profitable  goods 
and  services. 

Second,  we  must  recognize  that  the  private  sector  is 
best  equipped  to  create  economic  opportunity  and  development. 
Government  will  and  should  continue  to  play  the  important 
role  of  "pump  priming"  through  support  of  research  and 
development  resources  such  as  the  Ocean  Technology  Center. 
The  private  companies  that  I  have  identified  today  are  well 
suited  to  transfer  defense  technologies  into  licensable 
commercial  technologies.   It  is  critical  that  their  access  to 
laboratories  and  research  facilities  in  institutions  of 
higher  education  and  federal  laboratories  be  fully  available. 

In  closing,  there  is  a  unique  potential  that  exists, 
particularly  here  in  southern  New  England,  to  address  the 
emerging  challenges  of  integrating  defense  technology  with 
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ocean  technology.   This  potential  will  only  be  realized  when 
government  funding  is  matched  with  private  sector 
entrepreneurialism  and  with  a  dash  of  higher  educational 
resources.  A  new  mandate  leveraging  federal  resources  and 
assets  that  is  focused  upon  the  singular  effort  of  creating 
new  industries  and  markets  within  the  ocean  and  environmental 
services  is  greatly  needed-  A  well-conceived  package  of 
research  and  development  grants,  low-cost  financing,  and 
market  development  assistance  will  provide  the  necessary 
catalyst  to  expand  the  nation ' s  economy  and  its '  educational 
resources.   I  fully  believe  this  joint  committee  has  the  rare 
opportunity  to  become  the  leader  for  developing  new 
industries  and  employment  opportunities  as  we  head  into  the 
new  millennium.   During  the  history  of  our  country  we  have 
evolved  from  an  agricultural  economy,  through  the  industrial 
revolution  to  today's  technological  industrial  base.   It  is 
only  natural  that  tomorrow's  technology  driven  industries 
include  the  natural  environment  that  covers  two  thirds  of  our 
earth. 

I  would  like  to  thank  this  subcommittee  for  granting  me 
the  opportunity  to  speak  on  this  most  important  issue. 
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J.  Craig  Swanson 

Applied  Science  Associates,  inc. 

70  Dean  Knauss  Drive 

Narragansett,  Rhode  Island  02882 

Tel:  401-789-6224 

Fax:  401-789-1932 

E-mail:  cswanson@appsci.com 

My  name  is  Craig  Swanson  and  I  am  a  principal  in  Applied  Science  Associates,  Inc. 
(ASA).  ASA  is  a  multi-discipiinary  environmental  consulting  finm  focusing  on  solutions 
to  marine  and  freshwater  problems.  We  develop  and  use  computerized  tools  to 
investigate  complex  environmental  issues.  These  models  predict  currents  and  tides, 
transport  of  pollutants  in  the  water,  animal  population  changes  and  behavior,  and  the 
effects  of  pollution  on  aquatic  plants  and  animals. 

We  presently  have  a  staff  of  1 7  employees.  Most  technical  staff  members  hold 
advanced  degrees  in  ocean  engineering,  biological  oceanography,  civil  engineering, 
coastal  geology,  marine  affairs  or  computer  science. 

Our  clients  are  local,  state  and  federal  agencies  plus  a  large  range  of  commercial 
organizations  from  small  marina  owners  to  large  oil  companies.  Ten  years  ago  75%  of 
our  income  derived  from  state  or  federal  contracts,  25%  from  the  private  sector.  Today 
less  than  20%  of  our  income  comes  from  the  public  side,  more  than  50%*from  private 
clients,  and  approximately  25%  is  now  from  foreign  clients. 

Specific  to  the  ongoing  North  Cape  barge  spill  at  Matunuck,  Rhode  Island,  ASA  staff, 
under  a  quick  response  contract  with  the  NOAA  Damage  Assessment  Center, 
mobilized  early  Saturday  morning  to  track  the  ecological  impacts  of  the  spill.  This  effort 
entailed  visiting  those  locations  along  the  beaches  and  ponds  of  southern  Rhode 
Island  to  make  observations  of  any  immediate  impact  to  plants  and  animals.  This  effort 
is  continuing.  The  information  collected  will  be  used  with  a  series  of  computers  models 
developed  by  ASA  to  predict  short  and  long  term  effects  to  the  ecosystem  and  estimate 
economic  damages  to  the  environment. 

ASA  has  also  made  predictions  of  where  the  spilled  oil  will  move  based  on  our 
computerized  oil  spill  trajectory  models.  We  have  provided  this  information  to  various 
news  media  during  the  past  few  days. 

This  is  a  highly  visible  example  of  the  type  of  work  that  ASA  performs.  Other  examples 
include  the  analysis  of  water  quality  from  dredging  and  disposal  operations  in  Boston 
Harbor,  the  impacts  of  possible  spills  of  a  new  fuel  used  in  power  plants  to  generate 
electricity  in  Tampa  Bay  and  in  the  United  Kingdom,  and  the  study  of  currents  along  the 
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coast  of  Oman  for  beach  erosion  and  oil  spill  planning  purposes. 

We  view  ourselves  as  a  high  technology  firm  specializing  in  a  niche  market.  To  be 
successful  we  have  found  that  we  continually  need  to  stay  at  the  leading  edge  of 
science  and  technology  in  this  field.  The  direction  of  oceanographic  research  at  the 
federal  level,  particularly  coastal  oceanography,  is  thus  of  critical  interest  to  us. 

Our  experience  with  federal  oceanographic  research  extends  to  the  first  years  of  our 
firm,  in  the  early  1980s,  when  we  worked  with  the  Ocean  Engineering  Department  of 
the  University  of  Rhode  Island  for  the  Minerals  Management  Service  of  the  Department 
of  Interior  to  develop  a  computer  model  system  to  predict  the  transport  and  fate  of  oil  in 
the  marine  environment.  This  early  effort  helped  to  form  part  of  the  core  of  the  software 
products  and  services  we  provide  today. 

ASA  prides  itself  in  providing  software  and  services  that  are  specifically  focused  on 
client  needs.  With  the  explosion  of  personal  computer  use  in  the  last  15  years  this  has 
meant  the  development  of  easy-to-understand  and  use  yet  powerful  software  that  runs 
on  a  PC  and  not  workstation,  mainframe  or  supercomputer  hardware.  We  have  found 
that  until  recently  the  federal  government  research  programs  were  oriented  toward 
more  powerful  platforms.  Even  data  archived  by  various  agencies  were  provided  in 
electronic  media  not  well  suited  to  the  PC  user  environment.  With  the  arrival  of  the 
Internet,  however,  this  situation  is  changing.  Easier  and  more  extensive  access  is 
being  provided  to  the  valuable  data  held  by  NOAA,  EPA  and  USGS. 

A  lack  of  communication  from  the  federal  agencies  to  industry  about  ongoing  and  future 
technologies  still  exists,  however.  For  instance  a  news  article  in  Science  magazine  last 
fall  reported  about  a  database  of  all  federal  research  projects.  We  have  been  unable 
to  track  down  additional  information  about  this  database,  even  enlisting  the  assistance 
of  the  NASA  Technology  Transfer  Center,  which  has  been  helpful  in  other  interactions. 

On  the  more  positive  side,  ASA  is  planning  to  start  shortly  a  joint  project  with  Brown 
University,  the  state  of  Rhode  Island  and  NASA  in  the  commercialization  of  remote 
sensing  data  for  coastal  management.  This  effort,  entitled  Narragansett  Bay  from 
Space:  A  Perspective  for  the  21st  Century,  is  a  partnership  using  new  sensor 
technologies  from  NASA,  the  expertise  of  Brown  University  in  remote  sensing  data 
processing  and  the  end  user  oriented  software  capabilities  of  ASA  to  provide  a  pilot 
system  for  the  state,  both  for  coastal  zone  management  and  education.  This 
technology  transfer  project  has  the  potential  for  application  to  other  sites  in  the  United 
States  and  will  be  important  to  emerging  nations  struggling  to  manage  economic 
development  yet  preserve  their  coastal  environments. 

Another  example  of  successful  academic/industry  partnering  is  the  Ocean  Technology 
Center  (OTC)  at  the  University  of  Rhode  Island  (URI).  This  NSF-sponsored  center 
brings  researchers,  federal  agencies  and  the  private  sector  together  to  develop  new 
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marine-related  technologies  and  systems  for  eventual  commercialization.  ASA  has 
recently  licensed  COASTMAP,  an  environmental  monitoring  and  modeling  software 
system,  from  the  OTC  and  sees  strong  commercial  potential.  In  fact  v/e  will  be 
installing  our  first  system  in  Florida  shortly. 

We  are  also  working  with  URI  to  expand  the  OTC  concept  with  the  potential  of  direct 
state  involvement.  The  state  has  proposed  funding  a  series  of  major  research  centers 
of  excellence  whose  purpose  will  be  to  stimulate  economic  growth  by  technology 
transfer  from  the  university  to  private  industry.  The  focus  of  this  expanded  OTC  will 
include  ocean  acoustics,  marine  environmental  monitoring  and  marine  foods 
technology.  The  key  to  success  of  this  approach  is  a  close  working  relationship  among 
the  partners.  Private  industry  must  be  clear  in  their  assessment  of  market  potential  for 
the  technology  development  that  comes  from  the  university.  Integrated  teamwork  is 
critical  for  this  concept  to  be  successful  in  creating  new  jobs. 

This  approach  to  partnering  can  also  extend  to  the  federal  government  and  its 
oceanographic  research  arms.  To  the  extent  possible,  research  projects  must  be  better 
communicated  to  the  business  community  that  could  commercialize  the  results.  A 
feedback  mechanism,  in  which  small  business  can  help  define  and  focus  the  proposed 
outcome  of  the  project,  is  desirable. 

We  as  a  small  Rhode  Island  business  have  seen  few  opportunities  to  partner  with 
federal  agencies  and  believe  that  the  root  cause  is  the  lack  of  incentive  for  these 
agencies  to  interact  with  the  private  sector.  At  the  agency  level  a  communications 
structure  needs  to  be  adopted  to  help  information  transfer  via  databases,  newsletters, 
workshops,  etc.  Incentives  to  individual  program  managers  and  principal  investigators 
in  the  federal  government  and  academia  to  identify  and  promote  the  results  of  research 
under  their  direction  is  needed. 

One  measure  of  the  success  of  research  in  oceanography  conducted  at  the  national 
level  is  how  it  can  affect  the  well  being  of  its  citizens.  Clearly  the  knowledge  gained 
from  research  that  translates  into  a  strong  national  defense  is  important.  The  implicit 
protection  of  our  environment  by  devoting  resources  to  a  better  understanding  of  the 
physical  and  biological  processes  in  marine  waters  is  laudable.  The  transfer  of 
information,  techniques  and  technology  to  the  private  sector  is  also  very  important  in 
that  the  economic  viability  of  marine  related  industries  can  be  enhanced.  As  we  move 
to  a  more  service-oriented  economy,  it  is  important  that  the  United  States  remain  as  a 
world  leader  in  the  effective  use  of  its  research  to  provide  employment  opportunities  for 
its  citizens  in  the  use  and  export  of  knowledge. 
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JOINT  FIELD  BRIEFING 

Regional  Opportunities  In  Leveraging  Oceanographlc  Research  for 

Defense  and  Non-defense  Industries  and  Activities 

22  January  1996 

Praparad  Statarasat  of  Dr.  Joha  B.  Sixmalls 
Tachnlcal  Diractor,   Haval  Undarsaa  Warfara  Cantar 

The  Naval  Undersea  Warfare  Center  (NUWC)  is  the  Navy's  full- 
spectrum  research,  development,  test,  evaluation,  engineering,  and 
Fleet  support  center  for  submarines,  autonomous  underwater 
systems,  undersea  offensive  and  defensive  weapon  systems,  and 
countermeasures  associated  with  undersea  warfare. 

NUWC,  headquartered  at  Newport,  Rhode  Island,  has  two  major 
divisions,  one  at  Newport  and  another  at  Keyport,  Washington.   In 
addition,  NUWC  detachments  exist  across  the  continental  United 
States,  as  well  as  Hawaii  and  the  Bahamas. 

Areas  of  technical  excellence  at  the  Newport  Division  include 
ocaan  physics,  hydrodynamics,  acoustics,  signal  processing, 
undarsaa  raaga  and  matarlals  tachnologlas,  numerical 
modeling  and  analysis,  engineering  analysis,  information 
processing,  warfara  siaulatlon,   siibmarlna  alactromagnatlcs, 
unaannad  undarsaa  vahicla  propulsion  and  .control,  and 
weapon  systems  targeting  and  control. 

I  would  emphasize  that  ocaan  physics  and  undarsaa  ranga 
and  matarlals  tachnologlas  have  traditionally  been  among  our 
principal  areas  of  excellence.  NUWC  and  its  predecessor 
laboratories  have  contributed  significantly  to  fundamental 
knowledge  in  ocean  physics.   For  exan^le,  key  mechanisms  which 
control  the  absorption  of  sound  in  sea  water  were  discovered  here. 

Since  the  1860 's,  with  the  start  of  the  Torpedo  Station  on 
Goat  Island,  we  have  always  looked  at  Narragansett  Bay  and 
surrounding  waters  as  our  undersea  "laboratory."  Today  this  real- 
world  laboratory  begins  in  the  Gulf  of  Maine,  where  we  do  very 
limited,  but  highly  valuable,  torpedo  testing  in  shallow  water, 
and  extends  all  the  way  to  Long  Island  Sound,  where  we  have  a 
sophisticated  Submarine  Antenna  Test  Complex  that  is  the  best  in 
the  world. 

With  the  recent  emphasis  on  Naval  Expeditionary  Warfare  to 
deal  with  regional  conflicts,  much  of  the  focus  in  undersea 
warfare  has  shifted  to  supporting  capabilities  for  joint 
expeditionary  forces  operating  in  littoral  waters.  NUWC  technical 
efforts  are  reflecting  this  new  emphasis  on  the  shallow  water  of 
the  littoral  regions,  and  our  technology  development  and 
evaluation  programs  require  an  increasing  use  of  the  shallow  water 
areas  and  test  facilities  that  comprise  the  Newport  Littoral 
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Undersea  Warfare  Test  Facility  Complex.   This  unique  complex 
consists  of  the  following  elements: 

Narragansett  Bay  Shallow  Water  Test  Facility 

Shallow  Water  Diesel  Submarine  Target  Facility 

Submarine  Antenna  Test  Complex 

Narragansett  Bay  Operating  Area  Test  Areas 

Gulf  of  Maine  Test  Areas 

Foxtrot  Test  Area 

Block  Island/Fishers  Island  Test  Area 


TMPORTANrF.  Oy  r>r.F.AWOC;i=!APHY  TO  UNDERSEA  WARFARE 

In  modern  naval  warfare,  the  performance  of  sensors  is  fundcunental 
to  mission  success  and  zo   survival.   Detecting  and  deteirmining  the 
location  of  a  hostile  submarine,  torpedo,  or  mine  at  long  ranges 
is  key  to  survival  and  requires  the  best  possible  performance  of 
our  sonar  sensors.   The  behavior  of  acoustic  waves,  used  by  most 
underwater  sensors,  is  greatly  influenced  by  local  characteristics 
of  the  ocean  medium  and  boundaries.  Hence,  there  is  a  vital  need 
for  oceanographic  information  which  allows  reliable  prediction  of 
best  operational  techniques  and  interpretation  of  signals 
received.   This  is  referred  to  as  "^tactical  oceanography" ,  and  it 
is  a  field  where  there  is  a  great  deal  left  to  be  done. 

NUWC  has  been  working  in  this  field  for  some  time.   For  example, 
the  first  Navy  oceanographer  in  space  was  a  NUWC  scientist.  Dr. 
Paul  Scully-Power,  who  flew  on  the  Challenger  in  October,  1984,  in 
order  to  conduct  open  oceem  tactical  oceanographic  measurements 

While  our  understanding  of  the  open  ocean  environment  is  far  from 
complete,  we  are  even  more  challenged  by  the  highly  varia^ile 
enviromnents  of  the  coastal  zone,  where  water  volumetric,  surface 
and  bottom  characteristics  each  have  a  substantial  impact  on  the 
performance  of  Naval  missions. 

The  coastal  waters  of  New  England  provide  an  excellent  sampling  of 
various  coastal  oceanographic  conditions .   There  are  diverse  ocean 
bottom  types;  interior  phenomena,  including  biotics,  with  large 
seasonal  variations;  and  geographic  situations  with  surrogate 
military  applications. 

BErtTOMAT.  PARTMF.RSHTPS: 

While  we  have  always  had  many  informal  relationships  with 
educational  institutions  in  New  England,  we  have  recently  taken  a 
much  more  aggressive  role  in  forming  partnerships,  consortia,  and 
coalitions.   For  example: 

*  NUWC  is  a  charter  member  of  the  Ocean  Technology  Center 
(OTC)  of  the  University  of  Rhode  Island.   Jeff  Callahan  will  talk 
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in  detail  about  those  efforts.   Just  this  month  the  OTC,  with  NUWC 
and  a  number  of  small  companies  as  partners,  won  one  of  four 
awards  for  the  "Ocean  Technology  Center  of  Excellence"  in  a 
statewide  competition  to  establish  centers  of  excellence.   The 
focus  of  the  proposal,  which  will  now  be  going  forward,  is  the 
development  of  technologies  in  the  areas  of  marine  foods, 
environmental  monitoring,  and  ocean  acoustics . 

*  NUWC,  together  with  the  University  of  Massachusetts, 
Dartmouth,  was  a  catalyst  for  a  consortium  called  MASSRICON 

(Massachusetts,  Rhode  Island,  Connecticut) .   The  members  - 

Harvard  University 

Massachusetts  Institute  of  Technology  (MIT) 

University  of  Massachusetts,  Dartmouth 

University  of  Rhode  Island,  Graduate  School  of  Oceanography 

Woods  Hole  Oceanographic  Institute 

University  of  Connecticut,  Avery  Point 

Physical  Sciences  Incorporated 

Naval  Undersea  Warfare  Center 
-  have  formed  an  Industry,  Government,  and  Academic  team  to  build 
on  regional  strengths  in  ocean  science.   The  focus  of  this  group 
is  to  position  the  region  to  pursue  an  international  enviro-tech 
market  while  addressing  regional  oceanographic  interests,  by 
leveraging  regional  intellectual  and  facility  assets.   Dr.  Cressy 
will  speak  more  about  this  subject. 

*  The  Naval  Undersea  Warfare  Center,  Newport  Division,  has 
signed  a  five-year  agreement  with  a  nonprofit  educational 
institution  co  help  establish  a  marine  park  and  learning  center 
for  children  along  the  waterfront  in  New  London,  Connecticut. 

NUWC's  arrangement  with  OceanSciences,  Incorporated  is  the 
Navy's  first  Education  Partnership  Agreement,  an  instrujnent 
authorized  by  Congress  in  1990  to  encourage  defense  laboratories 
to  help  local  institutions  promote  science,  math  and  engineering 
education.   The  New  London  park,  called  OceanQuest,  will  be  the 
"marine  equivalent"  of  the  U.  S.  Space  Camp  in  Huntsville, 
Alabama . 

UVWC,    Newport  Division,  primarily  through  its  New  London 
Detachment,  will  contribute  scientific  skill,  facilities, 
equipment,  computer  software  and  other  resources  to  OceanQuest 's 
Science  Adventure  Center.   OceanSciences,  which  is  based  in  New 
London,  will  develop  the  educational  materials  for  the  center. 

nWMANNKD  ITNnF.R5;F.A  VFHirT.KS: 

As  you  heard  at  the  beginning,  NUWC's  unique  Navy  laboratory 
mission  includes  the  area  of  "autonomous  undersea  systems"  -  the 
primary  example  of  which  is  Unmanned  Underspa  Vf^hlrles.  or  UUV's. 
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UUV' 3  offer  the  potential  for  revolutionary  advances  in 
undersea  data  gathering.   Coincidentally,  New  England  contains  the 
greatest  concentration  of  UUV  technologists  in  the  United  States, 
working  in  various  academic  institutions,  small  and  large 
businesses,  and  at  the  Navy's  iindersea  technology  laboratory. 

NUWC  is  the  Navy's  key  resource  in  developing  UU\' 
technologies  and  vehicles.   It  has  been  aggressively  pursuing 
advances  in  UUV  propulsion,  control,  sensors,  communications 
systems,  and  oceanographic  raapping;  and  has  demonstrated  many 
advances  in  its  adaptive  vehicles.   In  addition  to  its  own 
efforts,  the  Naval  Undersea  Warfare  Center  Division,  Newport 
(NUWCDIVNPT)  has  established  cooperative  ties  with  academic 
Institutions  and  some  small  businesses  working  on  relevant 
technologies.   In-water  evaluations  of  their  subsystem 
technologies  are  enabled  using  NUWCDIVNPT 's  Large  Diameter  UUV 
(LDUUV  -  26.5"  dia.)  test  vehicle  in  its  Narragansett  Bay  test 
facilities. 

The  academic  nucleus  of  UUV  subsystems  expertise  in  New 
England  is  very  strong.   Specific  areas  of  technology  advancement 
include  Woods  Hole  Oceanographic  Institution  (UUV  Low  Speed 
Controller  Models,  High  Data  Rate  Acoustic  Communications  Modems 
and  Software) ,  MIT  (Novel  Navigation  Technique  -  Geophysical  Map- 
based)  ,  and  Northeastern  University  (High  Data  Rate  Acoustic 
Communications  Network  Protocols) . 

Thus  a  special  opportunity  has  aiBexged  -  to  apply 
advanced  UUV  technologies  for  effectively  achieving  the  goals  of 
the  MASSRICON  consortium  in  the  areas  of  fishery  and  coastal 
environmental  data  gathering/modeling  verification.   In  addition, 
demonstrating  these  new  UUV  technologies  would  also  support  the 
five  UUV  focal  projects  being  proposed  in  the  National  Research 
Council's  Undersea   Vehicles  and  National  Needs   study.   The  areas 
of  required  technological  advancement  -  high  resolution  sensors, 
high  data  rate  acoustic  communications,  advanced  energy  storage, 
non-traditional  geophysical  navigation,  and  UUV-based 
environmental  sampling  for  models  -  could  also  have  very 
significant  applications  in  UUV's  for  military  uses. 

In  summary,  the  Naval  Undersea  Warfare  Center  has  a  mission 
commitment  to  various  aspects  of  oceanographic  research,  and  is 
ready  to  expand  its  cooperative  efforts  with  regional  partners. 
The  prospect  of  NUWCDIVNPT  and  its  academic  and  industry  partners 
demonstrating  and  applying  new  UUV  technologies  is  especially 
promising.   It  would  satisfy  the  need  for  intensive  data  gathering 
to  understand  coastal  and  fisheries  phenomena  in  a  time-  emd  cost- 
effective  way,  a  primary  goal  of  New  England's  MASSRICON 
consortium.   It  would  support  the  NRC  National  Needs  effort  in 
undersea  vehicles  and  also  help  fulfill  NUWC's  mission  by 
advancing  the  Navy' s  undersea  warfare  technology  base . 
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Developing  the 
tools  for  growth 


7  Jackson  Walkway 

Providence 

Rhode  Island  02903 

401-277-2601 
Fax:401-277-2102 


January  22,  1996 
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RHODE  ISLAND 
ECONOMIC 
DEVELOPMENT 
CORPORATION 


Committee  on  National  Security 
U.S.  House  of  Representatives 
Washington,  DC  20515-6035 

Dear  Committee  members: 

I  would  like  to  thank  the  Committee  on  National  Security  for  giving  me  the 
opportunity  to  speak  on  the  important  issue  of  economic  development  as  it  relates  to 
oceanography,  technology  transfer,  and  research  partnerships.  The  Rhode  Island 
Economic  Development  Corporation  continues  to  support  the  role  of  public  investment 
in  oceanography  and  ocean  technology  development.  These  important  issues  are 
deeply  imbedded  in  the  economic  history  of  Rhode  Island  and  must  continue  to 
advance  thereby  encouraging  growth  and  expanding  employment  opportunities 
throughout  all  ocean  and  bay  related  sectors  of  commerce.  I  can't  recall  a  time  when 
the  need  for  expanded  ocean  research  activities  were  in  greater  demand  here  in  Rhode 
Island. 

The  recent  collapse  of  the  New  England  groundfishery  and  defense  spending 
cutbacks  have  had  a  significant  impact  on  the  Rhode  Island  economy.  It  is  estimated 
that  industries  on  Narragansett  Bay  alone  provide  $167  miUion  in  yearly  wages  and 
employ  over  eight  thousand  workers.  Surprisingly,  only  10%  of  these  Bay  related 
wages  were  generated  through  oceanographic  related  research.  The  declining  budgets 
in  oceanography  and  defense  activity  have  certainly  displaced  a  traditional  workforce. 
Workers  relying  on  the  stabiUty  of  defense  contracting  no  longer  have  that  job  security. 
Therefore,  the  skills  of  our  workforce  have  been  utilized  less  with  the  decrease  in 
defense  funding  and  a  strategy  is  necessary  to  keep  the  talents  of  those  workers 
contributing  to  the  economy  of  Southern  New  England. 

Despite  these  recent  restrictions,  staff  programs  are  in  place  to  help  mitigate  the 
effects  of  such  cutbacks  and  to  become  more  proactive  towards  the  resolution  of  these 
issues.  I  would  like  to  bring  to  your  attention  examples  of  such  programs  recently 
partnered  by  the  Rhode  Island  Economic  Development  Corporation  (RIEDC).  The 
Southern  New  England  Marine  Environmental  Technology  Industry  Development 
Initiative  addresses  issues  such  as: 

•  Determining  the  regional  technology  assets  of  industry,  academia,  and 
government. 

•  Identifying  the  market  gaps  in  Southern  New  England. 

•  Determining  the  cause  and  effect  of  successful  or  unsuccessful  government 
programs; 
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•  Identifying  the  critical  barriers  to  job  creation. 

Programs  like  this,  as  well  as  the  planned  Marine  Technology  Loan  Fund,  provide 
opportunities  for  partners  such  as  the  University  of  Rhode  Island's  Graduate  School  of 
Oceanography  (URIGSO)  and  the  RIEDC  to  combine  resources  and  proliferate 
extensive  technical  expertise  in  oceanography  and  other  related  sciences.  The  Marine 
Technology  Loan  Fund  wU!  be  specifically  targeted  at  entrepreneurs,  business  owners, 
and  scientists  to  bridge  the  gap  between  marine  technology  development  and 
commercialization.  This  may  weU  be  one  of  the  most  exciting  tools  we  use. 
Unfortunately,  this  ftind  depends  in  part  on  an  av/ard  of  a  grant  from  the  Federal 
Economic  Development  Administration  which  is  anticipated  shortly  but  has  not  yet 
been  confirmed.  Since  this  program  is  targeted  at  precisely  the  sort  of  private-sector 
needs  that  other  oceanographic  programs  will  spin  off,  the  synergy  seems  almost 
inevitable. 

This  type  of  synergy  must  be  encouraged  to  occur  across  the  bounds  of  industry, 
government  and  academia.  We  roust  continue  to  make  use  of  Rhode  Island's  world 
class  academic  resoiffces  while  uniting  State  and  Federal  agencies  in  their  most 
effective  roles  for  maximum  results  at  minimum  public  cost.  Towards  completing  this 
objective,  we  are  cooperating  with  the  efforts  of  Brown  University,  the  National 
Aeronautic  &  Space  Administration  and  Applied  Science  Associates  to  develop  and 
commercialize  satellite-based  technology  useful  in  analyzing  marine  resources.  This 
project  has  the  potential  of  moving  a  leading-edge  technology  fiom  the  laboratories  of 
Brown  into  the  marketplace,  with  the  potential  to  create  export-based  jobs  in 
manufacturing  and  technology  services  for  Rhode  Islanders.  By  starting  with  a 
comprehensive  analysis  of  Narragansett  Bay,  the  project  will  create  a  state-of-the-art 
tool  for  better  management  of  Rhode  Island's  crowning  resource.  Resource  maps 
generated  through  this  process  will  be  of  value  in  planning  for  the  protection  of 
environmentally  sensitive  resources;  targeting  areas  for  more  effective  and  sustainable 
economic  uses:  and  identifying  threats  to  the  Bay  as  early  as  possible.  This  tool 
should  prove  especially  useful  to  the  State  in  pursuing  Governor  Almond's  priority  to 
reinvigorate  and  develop  Rhode  Island's  aquaculture  industry. 

Perhaps  in  no  other  marine  industry  has  this  Country  experienced  a  greater 
economic  growth  rate  than  in  aquaculture.  Despite  the  decline  of  groundfish  fisheries 
in  New  England,  the  demand  for  seafood  products  has  steadily  increased.  Aquaculture 
was  reported  in  the  Rhode  Island  Commercial  Fisheries  Economic  Adjustment 
Strategy  to  be  an  approach  by  which  it  may  be  possible  to  mitigate  the  effects  of  a 
decreasing  fishery  on  the  states  seafood  industry.  As  we  may  already  know, 
aquaculture  is  not  a  near  term  remedy  for  the  over  exploitation  of  groundfish  stocks. 
However,  it  is  a  potentially  powerful  marine  related  economic  sector  in  it's  own  right 
and  can  provide  supplemental  income  to  other  sectors  of  the  seafood  industry  and 
defense  workers.  The  advance  of  oceanographic  research  will  no  doubt  compliment 
the  growth  and  expansion  of  this  implicitly  expanding  industry. 

The  synergy  of  all  the  aforementioned  programs  are  essential  tools  that  will  be 
utilized  during  the  expansion  and  promotion  of  a  sustainable  aquaculture  industry.  For 
example,  the  programs  mentioned  today  will  facilitate  the  creation  of  use  maps  to 
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designate  aquaculture  areas  in  State  waters  where  usage  will  require  minimal 
permitting.  We  are  also  currently  looking  at  using  a  surplus  military  base  at  Quonset 
Point  Davisville  to  determine  if  it  can  be  used  to  support  land  based  aquaculture. 
These  partnerships  will  provide  the  environment  in  which  entrepreneurs,  industry, 
researchers,  and  government  can  foster  the  exchange  of  information  and  eliminate 
overlap.  During  the  next  decade,  aquacuhure  is  expected  to  remain  among  the  top  ten 
growth  industries  in  the  US  and  is  currently  the  Nation's  fastest  growing  agricultural 
business.  Therefore,  it  is  only  logical  that  we  continue  to  support  marine  research, 
development,  and  technology  transfer  to  harness  the  benefits  that  this  high  potential 
high  yield  market  offers.  An  overall  strategy  should  emphasize  marketing  and 
economics  to  focus  on  researching  fiuther  market  potential  as  well  as  technology 
development  focused  on  innovations  in  production  technology,  engineering,  diseases, 
processing,  and  pollution  prevention.  One  last  important  element  of  an  efficient 
strategy  is  that  the  extension  education  for  current  and  potential  aquaculturists  and 
educational  extension  services  aimed  at  educating  the  pubhc  receive  continued 
support. 

A  unique  potential  to  address  these  issues  lies  within  our  borders.  The  Rhode 
Island  Economic  Policy  Council  has  funded  the  University  of  Rhode  Island's  Ocean 
Technology  Center  to  develop  a  concept  plan  for  an  Ocean  Technology  Research 
Center  for  Excellence.  The  goal  is  to  establish  a  world-class  organization  of  specific 
technology  competency  that  demonstrates  a  direct  economic  benefit  through  university 
and  private  sector  collaboration  that  results  in  commercial  appUcations  of  the 
technology.  Specific  Goals  of  the  program  are  as  follows: 

It  will, 

•  Be  driven  by  market  forces,  private  sector  competencies  and  institutional  research 
skills. 

•  Leverage  State  dollars  to  attract  industry  and  federal  research  funds. 

•  Increase  Rhode  Island's  "opportunity  share"' in  the  realm  of  new  industries,  ideas,  and 
products. 

•  Increase  the  role  of  research  and  technology  in  the  Rhode  Island  Economy. 

The  concept  plan  will  be  a  business  plan  for  the  initial  startup  of  the  Center  and 
will  include  strategies  for  developing  key  skills,  intellectual  assets  and  specific 
technologies  in  areas  which  have  potential  economic  benefit  for  Rhode  Island.  The 
Council  has  asked  that  each  proposal  include  alliances  and  joint  research  projects 
between  Rhode  Island  businesses  and  universities  as  well  as  other  non-profit 
institutions  including  Federal  research  centers.  One  of  the  principle  collaborators  with 
the  Ocean  Technology  Center  is  the  Naval  Underwater  Warfare  Center. 

These  programs  will  provide  the  interactive  mechanisms  allowing  for  increased 
opportunities  in  oceanographic  technology  transfer.  National  agencies  will  be  better 
related  to  and  therefore  better  able  to  respond  to  regional  research  and  development 
needs.  By  supporting  this  exchange  of  information,  regional  technology  developers 
and  users  can  help  define  the  national  research  agenda. 
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Finally,  the  programs  that  I  spoke  of  today  are  but  several  initiatives  of  the  Rhode 
Island  Economic  Development  Corporation  to  react  to  the  short  term  needs  of  the 
region.  It  will  be  through  the  planning  efforts  which  these  programs  facilitate  that  the 
long  terra  proactive  solutions  will  be  generated.  Without  the  continued  support  of  our 
federal  agencies,  it  is  unlikely  that  this  State  or  our  region  will  be  financially  able  to 
sustain  the  policies  and  solutions  which  resuh  fi-om  these  ingenuitive  programs. 
Therefore,  I  would  have  to  believe  that  any  contribution  made  from  the  Department  of 
Defense  towards  the  programs  we  have  heard  about  today  will  significantly  effect  the 
future  of  this  region's  marine  related  economy.  I  urge  the  U.S  House  of 
Representatives  National  Security  Committee  to  continue  exploring  the  regional  and 
national  benefits  of  oceanographic  research  and  technology  transfer.  The  economy  of 
this  State  and  region  have  always  benefited  from  the  investment  of  defense  and 
research  dollars.  For  economic  development  to  succeed  in  this  region,  a  region 
inherently  dependent  it's  marine  resources,  there  is  a  distinct  obligation  for  sustained 
support  and  realized  objectives. 

Sincerely. 


t 
Marcel  Valois,  Director 


254 


Opportunities  and  Regional  Benefits 

from 

Oceanographic  Research 


David  H.  Reynhout 

Manager,  Submarine  Signal  Programs 
Raytheon  Electronic  Systems 
Portsmouth,  RI 02871-1087 
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1/22/96 


Good  morning,  Mr  Chairman,  Members  of  the  Subcommittee  and  staff.    I  am  pleased  to  appear 
before  you  today  to  outline  Raytheon  views  on  the  subjects  of  marine  science  and  oceanographic 
research.  These  are  areas  of  great  importance  both  to  my  organization  and  to  New  England,  in 
general.  In  fact,  the  Submarine  Signal  Operation  of  Raytheon  Company  traces  its  roots  back  to 
the  Submarine  Signal  Company  in  1901  -  these  matters  have  been  important  to  us  for  over  90 
years. 

Today,  I  would  like  to  address  three  topics  to  this  group  -  one  example  of  a  technology  which  is 
particularly  strong  in  New  England  but  one  which  is  suffering  from  declining  budgets.  One  which 
fits  our  definition  of  dual  use,  but  which  has  been  entirely  private  sector  financed.  And,  lastly,  I'd 
like  to  address  the  subject  of  partnerships. 

First,  Unmanned  Underwater  Vehicles  (UUVs)  is  an  area  also  covered  by  Dr.  John  Sirmalis  from 
NUWC,  and  whose  remarks  we  strongly  endorse.  These  torpedo-like  devices  which  come  in  a 
variety  of  sizes  offer  numerous  advantages  to  both  military  and  commercial  applications.  To  the 
military,  functions  such  as  covert  surveillance  and  mine  countermeasures  can  be  accomplished 
without  risk  to  human  life. 

Interest  in  the  military  applications  led  to  a  flurry  of  development  activities  in  the  early  90's  with 
both  DoD  and  industry  investments,  which  in  turn  created  a  very  strong  base  of  technology 
centered  here  in  New  England  among  such  organizations  as  Draper  Laboratories,  the  Naval 
Undersea  Warfare  Center,  Raytheon,  Woods  Hole  Oceanographic  Institute  and  others.  However, 
government  fijnding  reductions  have  sharply  reduced  the  number  of  military  program 
opportunities.    Attention  of  some  of  us  was  then  diverted  to  commercial  use  of  this  technology. 

Commercially,  UUVs  have  considerable  oceanographic  research  potential,  as  well  as  the  ability  to 
perform  difficult  underwater  platform  and  pipeline  inspections  at  low  cost  and  in  safety.  Although 
we  believe  this  technology  holds  significant  promise  in  undersea  applications,  without  government 
investment  these  commercial  opportunities  are  reduced  since  potential  users  such  as  underwater 
pipeline  operators  do  not  typically  underwrite  product  development.  Without  Government 
investment  in  industry,  university,  and  government  laboratory  R&D,  the  risks  are  too  high  and  the 
payback  too  uncertain  for  commercial  interests  to  carry  the  development  load. 

So,  although  we've  built  a  critical  mass  of  capability  in  UUVs  in  the  New  England  area,  it  is  in 
danger  of  withering  away. 

I'd  like  now  to  discuss  a  dual-use  development,  which  Raytheon  has  been  engaged  in  along  with 
our  partner.  Coastal  Corporation  of  Houston,  Texas. 

The  origins  of  this  development  go  back  to  1992.  It  was  prompted  by  a  confluence  of  events. 
The  grounding  of  the  EXXON  VALDEZ  in  Prince  William  Sound,  and  the  attendant  damage;  the 
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Oil  Pollution  Act  of  1990  which  resulted  from  that  event;  and  a  shared  interest  between  Coastal 
Corporation  and  Raytheon  in  systems  which  could  lead  to  safer  oil  tanker  operation  in  shallow 
waters.  OPA  90  states,  in  part  (Section  411),  and  I  quote: 

"Studies  are  required  to... evaluate  the  adequacy  of  navigation  equipment  and 
systems  on  tankers  including  sonar,  electronic  chart  display,  and  satellite 
technology..." 

Based  upon  the  above,  Raytheon  in  partnership  with  the  Coastal  Corporation,  has  developed  a 
system  we  call  Automated  Vessel  Alert  System,  or  AVERT.  AVERT  is  a  sonar  system 
incorporating  unique,  patented  signal  processing  techniques  coupled  with  the  use  of  digitized 
oceanographic  chart  data  and  satellite  navigation.  This  system  provides  for  operator  alerts 
whenever  the  sonar  detects  underwater  objects  which  are  not  charted,  or  which  represent  a 
possible  hazard  to  safe  navigation.  Our  market  surveys  indicated  that  there  were  a  minimum  of 
1,000  80,000  and  greater  DWT  tankers  of  less  than  15  years  age  which  could  use  such  a  system, 
together  with  some  300  military  amphibious  support,  sea  lift  and  cargo  ships,  and  300  large  luxury 
cruise  ships. 

After  having  conducted  feasibility  testing  on  Raytheon's  own  research  vessel,  we  initially 
approached  ARPA  during  the  early  phases  of  the  TRP  process  in  1993  and  were  enthusiastically 
received.  Our  subsequent  proposal  received  letters  of  endorsement  from  NUWC,  the  U.S.  Coast 
Guard  Research  and  Development  Center,  the  Oceanographer  of  the  Navy,  and  the  National 
Oceanographic  and  Atmospheric  Administration  and  the  State  of  Rhode  Island  proposed  to  invest 
matching  fiinds.  While  not  funded  as  a  TRP  project,  Raytheon  proceeded  with  Coastal 
Corporation  to  develop  a  prototype  which  was  installed  on  MV  COASTAL  CORPUS  CHRISTI 
and  is  operating  successfiilly  with  considerable  crew  acceptance.  We  are  convinced  that  AVERT 
can  help  prevent  incidents  such  as  EXXON  VALDEZ,  the  QEII  grounding  in  Cape  Cod  Bay  and 
the  grounding  and  fiiel  oil  spillage  of  the  Greek  tanker  off  Newport  on  Brenton  Reef  together 
with  the  many  other  such  accidents  which  occur  routinely  around  the  world.  In  fact,  we  are  also 
convinced  that  once  experience  data  has  been  gathered,  insurance  rates  will  reduce  sufficiently  to 
offset  the  cost  of  AVERT  and  its  installation. 

The  shipping  industry,  however,  is  very  cost  competitive  and  may  be  loath  to  invest  without 
incentives.  We  respectively  suggest  that  it  may  be  timely  to  revisit  the  provisions  of  the  Oil 
Pollution  Act  of  1990  to  determine  whether  stronger  incentives  for  the  installation  of  systems  like 
AVERT  should  be  encouraged. 

Lastly,  I  would  like  to  recognize  the  attempts  by  many  of  those  who  spoke  to  you  today  to 
achieve  higher  degrees  of  collaboration  amongst  the  group  of  capable  organizations  in  the  region. 
And  I'd  like  to  preface  this  by  being  self-critical. 

The  capabilities,  the  technologies,  and  the  talent  are  available  in  this  region  to  be  a  world  leader  in 
the  marine  sciences.  We  could  do  much  better  if  we  were  to  take  a  regionalized,  system-oriented 
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approach  to  these  partnerships,  and  to  focus  our  efforts  toward  a  grand  objective.  The 
partnerships  we've  participated  in  have  been  spiritually  rewarding,  and  we  want  to  continue  to 
work  in  this  manner. 

We  list  the  following  partnerships  among  our  successful  collaborations: 

A  partnership  between  Raytheon,  Mass  Maritime  Academy  and  UMASS 
Dartmouth  to  develop  a  remote  training  capability  and  crisis  management  system 
for  coping  with  environmental  pollution  spills  in  the  ocean  -  successfully 
demonstrated. 

The  URI  Ocean  Technology  Center,  a  program  where  funds  from  industry  paid 
memberships  were  matched  by  the  National  Science  Foundation  and  used  to 
support  university  researchers  in  areas  of  potential  interest  to  the  industry 
members. 

The  Acoustic  Partnership  at  URI  between  URI,  NUWC,  Raytheon  and  Marine 
Acoustics,  Inc.  -  newly  initiated  effort  to  develop  marine-related  dual-use 
applications. 

The  Ocean  Technology  Center  of  Excellence  centered  at  URI  with  industry 
participation,  a  State  of  Rhode  Island  Economic  Development  Council  funded 
initiative  in  the  planning  stage. 

Affordable  Ocean  Monitoring,  a  TRP  proposal  developed  by  Raytheon  in  teaming 
with  The  Charles  Stark  Draper  Laboratory/Ocean  Technologies,  Inc.,/Battelle 
Ocean  Sciences/ Alupower,  Inc.AVoods  Hole  and  Scripps  Oceanographic 
Institutions/Texas  A&M/Lawrence  Livermore  Laboratory  re  the  application  of 
UUVs  to  ocean  environmental  measurement. 

But,  I  submit  that  we've  been  working  tenderly  around  the  edges  and  haven't  addressed  the  larger 
role  that  a  truly  regional  collaborative  effort  should  be  capable  of  In  that  spirit,  I  heartily  endorse 
the  remarks  of  Dr.  Cressy,  and  the  notion  of  the  Regional  Technology  Alliance.  This  comes 
closest  in  my  opinion,  to  a  truly  system  oriented  approach  to  a  regional  alliance.  This  alliance 
should  be  flinded  by  a  Technology  Reinvestment  Program  Grant,  and  focused  on  developing  the 
coastal  environmental  technology  industry  as  a  meaningful  place  to  start    I  further  recommend 
that  a  regional  conference  be  convened  to  solicit  participation  of  those  organizations  and 
individuals  who  can  contribute  toward  forming  the  strongest  possible  program  for  New  England 
and  the  maritime  interests  of  the  nation. 
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Comments  Submitted  by  the  URI  Coastal  Resources  Center 

for  the  Committee  on  National  Security  Regional  Briefing 

Mahan  Conference  Center,  Spruance  Hall 

Naval  War  College,  Newport,  Rhode  Island 

22  January  1996 


Thank  you  for  providing  the  Coastal  Resources  Center  the  opportunity  to 
provide  testimony  regarding  our  perspectives  on  the  issue  of 
Regional  Opportunities  in  Leveraging  Oceanographic  Research  for  Defense 
and  Non-defense  Industries  and  Activities 

It  is  our  hope/intention  that  this  testimony  provide  the  subcommittee 
members  with  the  University  of  Rhode  Island's  Coastal  Resources  Center 
views  on  how  leveraging  technologies  and  partnerships,  both  in  the  United 
States  and  abroad  can  produce  a  mutually  beneficial  situation/relationship. 

For  more  information  contact  Stephen  Olsen,  Director  or  Karla  Boreri  at 
the  Coastal  Resources  Center,  Marine  Resources  Building,  Graduate  School 
of  Oceanography,  Narragansett  Bay  Campus,  Narragansett  Rhode  Island, 
02881.  The  phone  number  is  (401)  874-6224,  ext.  6501  and  the  fax 
number  is  (401)789-4670.  Thank  you. 

"The  Nature  of  The  Challenge" 

1 .        Why  coastal  ecosystem's  are  of  great  importance  and  deserve  the 
benefits  of  shared  (applicable/relevant)  US  military  resources,  technology, 
and  training  capabilities. 

•  the  coast  can  be  defined  as  a  ribbon  of  land  60  km  wide  containing  a 
human  population  in  1990  as  large  as  the  entire  planet's  population  in 
1950  (Pemetta  and  Elder,  1993) 

•  this  population  is  projected  to  double  between  1990  and  2050  by  which 
time  it  will  include  two-thirds  of  the  world  population  (Merrick,  1989) 

•  an  estimated  26  percent  of  all  biological  productivity,  5-10  percent  of 
the  world's  food  production  and  85-99  percent  of  the  world's  catch 
occur  in  the  coastal  ecosystem  (Postma  and  Zijlstra  in  Pemetta  and 
Elder,  1993) 

•  yet,  the  world's  coastal  regions  (which  include  the  continental  shelf) 
comprise  only  some  8  percent  of  the  planet's  surface  (Holligan  and 
Boois,  1993) 

•  clearly  the  coastal  regions  are  increasingly  the  primary  habitat  of  our 
(human)  species  (Olsen,  1995) 
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2.  What  are  the  issues  of  importance  to  collaborative  efforts  between 
the  US  military  and  organizations  working  in  coastal  ecosystems? 

•  tracking  human  population  growth  and  human  activities  within  the 
coastal  region 

•  anthropogenic  coastal  ecosystem  changes  at  all  scales 

•  declining  or  collapse  of  nearshore  fisheries 

•  mounting  user  conflicts 

•  inabiUty  of  governmental  organizations  to  avoid  predictable  adverse 
effects  or  mediate  among  conflicting  groups 

3.  What  types  of  activities  could  a  partnership  between  the  US  military 
and  such  organizations  as  the  CRC  investigate? 

•  US  leadership  could  provide  an  expanded  scope  of  training  both  US  and 
internationally,  to  include  coastal  management  topics  (i.e.,  monitoring 
of  uses  -fishing,  tourism  development,  resource  extraction,  civil  peace 
keeping,  etc.,).  In  many  developing  countries  (Ecuador  as  example)  the 
Navy  plays  a  central  role  in  the  monitoring,  administration,  and  public 
pohcy  aspects  of  coastal  management. 

US  leadership  could  provide  technical  capabilities  and  expertise  in  the 
training  of  the  use  of  monitoring,  and  mapping  to  bodi  the  US  and 
international  coastal  management  programs.  Coastal  management 
programs  in  the  US  and  internationally  could  utiUze  military  resources  and 
technologies  for  activities  including  productivity  patterns,  global  trends, 
date  collection  and  analyzation  including  cause  and  effect  (i.e..  El  Nino) 
and  detailed  mapping  capabilities  of  coastal  land-uses 

For  Example: 

•  A  collaborative  effort/partoership  with  US  military  technologies  such  as 
remote  sensing,  mapping  could  benefit  a  program  such  as  the  IOC 
Global  Monitoring  Program.  This  could  be  a  potential  partnership 
opportunity. 

4.  There  are  a  number  of  partnerships  that  exist  which  could  be 
nourished  by  collaborative  efforts  with  the  military  (mapping  capabilities, 
remote  sensing,  etc.,).  The  current  partnership  (with  the  US  government, 
foreign  governments,  academic  institutions  and  non  governmental 
organizations)  A  Ust  can  be  provided  upon  request. 
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(Not  for  publication  until 
released  by  the  House . 
National  Security  Committee) 


WRITTEN  STATEMENT  OF  CAPTAIN  ROBERT  J.  PLANTE 

COMMANDING  OFFICER 

FLEET  NUMERICAL  METEOROLOGY  AND  OCEANOGRAPHY 

CENTER 
MONTEREY,  CALIFORNIA 


CONGRESSIONAL  FIELD  BRIEFING  FOR: 


*  House  Committee  on  National  Security,  Subcommittee  on  Military 
Research  and  Development  (Host) 


*  House  Committee  on  Science,  Subcommittee  on  Energy  and 
Environment 


February  12,  1996 


(Not  for  publication  until 
released  by  the  House 
National  Security  Committee) 
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Good  afternoon,  Mr.  Chairman  and  members  of  the  Subcommittees.  I 
am  Captain  Robert  Plante,  Commanding  Officer  of  the  Fleet  Nmnerical 
Meteorology  and  Oceanography  Center  in  Monterey,  CA  (more  commonly 
referred  to  as  "Fleet  Numerical".)  On  January  25th,  you  heard  testimony 
from  several  renowned  scientists  and  senior  executives,  both  within  and 
outside  of  Government,  who  stressed  the  importance  of  the  marine  sciences  to 
the  nation's  future.   Two  of  the  testimonies  were  presented  by  Admiral  J.  M. 
Boorda,  Chief  of  Naval  Operations,  and  Rear  Admiral  Paul  G.  Gaffhey, 
Commander  of  the  Naval  Meteorology  and  Oceanography  Command. 

In  his  testimony.  Admiral  Boorda  pointed  out  that  "as  an  island  nation, 
protected  from  adversaries  and  linked  to  partners  by  the  world's  great  oceans, 
it  is  fundamental  that  the  United  States  understand  the  surrounding  marine 
environment. "   He  also  explained  that  "Naval  Oceanography  embraces 
research,  technology  and  operational  programs  not  only  in  traditional 
oceanography,  but  also  in  meteorology,  mapping,  charting  and  geodesy, 
astrometry  ...  and  precise  time"  as  the  nation's  timekeeper.   Admiral  Boorda 
quoted  the  following  recent  Naval  Oceanography  policy  statement: 
"Understanding  the  oceans  is  fundamental  to  our  rmtional  security  as  well  as 
to  global  economic  and  environmental  well-being.   A  robust  competency  in 
oceanography  is  a  core  requirement  and  responsibility  of  the  U.  S.  Navy,  one 
so  vital  to  the  success  of  our  operations  that  we  must  lead  in  focusing 
rmtional  attention  on  ocean  policy  and  programs.  "  He  committed  the  Navy 
to  "encourag(ing)  enhanced  cooperation  among  the  federal  agencies, 
academia,  industry,  and  international  organizations  in  oceanography" . 
Admiral  Boorda  went  on  to  describe  the  Naval  Oceanography  program 
structure  in  science  and  technology  management  as  well  as  the  operational 
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oceanography  program. 

In  the  same  hearing,  my  boss  ,  Rear  Admiral  Gaffhey  also  testified  as  to 
national  oceanographic  needs,  partnerships,  and  the  role  of  Naval 
oceanognq)hy.   He  pointed  out  that  while  "we  are  not  specifically  funded  to 
help  other  non-Defense  agencies  to  complete  their  ocean  related  functions,  ... 
we  understand  that  we  own  and  operate  certain  capabilities  that  can  help 
others  —  and  we  look  for  opportunities  to  make  them  available  when  it  does 
not  interfere  with  our  primary  mission  or  adversely  impact  our  firumcial  or 
security  position.    Likewise,  we  will  embrace  proposals  from  other  entities 
who  wish  to  leverage  their  investments  by  partnering  with  us."   Rear  Admiral 
Gaffhey  further  stated  his  commitment  to  "maintain  a  state-of-the-art 
computational  capability  to  archive  and  analyze  data  and  predict  ocean  and 
atmospheric  conditions  for  the  Department  of  Defense. " 

Deriving  strong  support  from  the  Navy's  science  and  technology 
program.  Fleet  Numerical  is  at  the  forefront  of  the  Navy's  operational 
meteorological  and  oceanographic  capabilities.  Specifically,  Fleet  Numerical's 
mission  is  to  provide  computer-generated  descriptions  of  the  air-ocean 
environment  to  the  operating  forces,  anywhere,  anytime.   What  do  we  mean 
by  that?   We  are  the  U.S.  military's  principal  processing  center  for  computer- 
generated  atmospheric  and  oceanic  analyses  and  forecasts.   As  American  and 
allied  forces  defend  freedom,  provide  peacekeeping,  deter  aggression,  and 
provide  humanitarian  relief  across  the  globe  from  Haiti...  Bosnia...  Korea... 
Rwanda...  Somalia...  the  Persian  Gulf...  Iraq...  everywhere,  the  air-ocean 
environment  is  a  factor.   Overcast  skies  and  storms  in  Bosnia  which  abort 
flights  from  aircraft  carriers  and  land  bases  while  bogging  down  ground 
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transportation...  heavy  rains  creating  a  quagmire  for  tanks  and  personnel 
carriers  in  the  Iraqi  desert...  tropical  cyclones  threatening  refugees  in  Cuba 
and  peacekeeping  operations  around  Haiti,  and  military  operations  in  the 
Western  Pacific  and  Indian  Oceans...  wind  speed  and  direction  determining 
the  effectiveness  of  potential  Iraqi  chemical  and  biological  weapons  in  the 
Middle  East  and  their  impact  on  American  lives...  ocean  currents  affecting 
mine  locations  and  drift  in  the  Persian  Gulf  and  other  water  areas,  and  their 
potential  devastating  effect  on  shipping  and  international  commerce...  ocean 
thermal  structure  conditions  which  impact  our  ability  to  detect  submarines 
belonging  to  potential  adversaries,  particularly  the  proliferation  of  diesel 
submarines  in  third  world  nations...   these  are  all  factors  that  Defense 
Department  forces  must  deal  with  in  real  time  DATT.Y 

Forecast  accuracy  can  mean  the  difference  between  life  and  death, 
weapons  effectiveness,  mission  success  or  failure.   Fortunately,  there  are 
highly  trained  forecasters  present  with  every  military  operation,  some  joint, 
some  individual  service,  some  on  land,  some  at  sea.   All  have  the  same  needs 
-  highly  accurate  computer-generated  meteorological  and  oceanographic 
guidance  products  from  which  to  develop  an  accurate,  tailored  forecast  of  the 
integrated  air-ocean  environment  for  military  forces  on-scene  anywhere  on 
the  globe.   Fleet  Numerical  Meteorology  and  Oceanography  Center  in 
Monterey,  California  provides  this  essential  service. 

Over  the  past  several  decades,  Fleet  Numerical  has  built  one  of  the 
world's  most  elaborate  air-ocean  forecasting  capabilities,  with  emphasis  on 
the  global  oceans  and  the  air-sea  interface.   Our  ability  to  apply  emerging 
technology  to  rapidly  changing  customer  needs,  while  tailoring  our  computer- 
generated  air-ocean  forecasts  to  whatever  part  of  the  world  constitutes  today's 
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immediate  crisis,  plus  our  unique  global  ocean  analysis  and  forecast 
c^ability,  all  make  us  a  singular  national  oceanographic  asset.  In  fact.  Fleet 
Numerical's  uniqueness  and  value  has  been  formally  recognized  by  two 
"Federal  Leadership  Awards",  one  in  1993  and  die  other  in  1995  "for 
distinguished  achievement  in  putting  technology  to  work  for  government  and 
the  citizen ". 

Fleet  Numerical  is  the  ONLY  operational  national  or  international  center 
which  produces  real-time  computer-generated  meteorological  and 
oceanographic  information  for  the  entire  air-ocean  integrated  environment 
from  the  edge  of  space  to  the  bottom  of  the  sea.  Our  vast  experience  in 
oceanography,  ocean  data  assimilation,  and  our  expanding  role  in  ocean 
forecasting  is  well  known  and  respected  in  related  scientific  circles  both 
nationally  and  internationally. 

In  today's  financially  difficult  times,  it  is  important  to  note  that  Fleet 
Numerical's  services  more  than  pay  for  its  annual  operating  costs!  Wind, 
seas,  and  ocean  current  forecasts  provided  for  optimum  track  ship  routing 
permit  ship  damage  avoidance  and  fuel  savings  to  the  tune  of  tens  of  millions 
of  dollars  annually.  A  similar  program  for  military  aircraft  routing  saves 
comparable  amounts  of  taxpayer  dollars. 

Although  Fleet  Numerical  products  are  tailored  for  and  primarily 
distributed  to  Defense  Department  customers,  recent  U.S.  Government 
policies  involving  "dual  use"  and  "technology  transfer"  have  allowed  an 
expanded  distribution  of  the  information  we  generate  to  the  civil  and 
commercial  sectors  as  well.   In  1994,  the  Oceanographer  of  the  Navy  and  the 
Deputy  Undersecretary  of  Commerce  for  Oceans  and  Atmosphere  signed  a 
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memorandum  of  agreement  'to  assure  maximum  efficiency  in,  and  maximum 
benefit  to,  the  United  States  from  environmeraal  data  collection,  analysis, 
monitoring,  prediction  and  product  distribution  activities  conducted 
cooperatively  or  jointly  by  (Navy  and  NOAA). "   Under  an  annex  to  this 
agreement,  NOAA  provides  the  conduit  for  distribution  of  Fleet  Numerical 
products  to  the  civil  and  commercial  sectors,  including  private  forecasting 
and  ship-routing  firms  as  well  as  schools  and  imiversities. 

Another  annex  institutionalizes  cooperative  and  joint  efforts  between 
Fleet  Numerical  and  its  civilian  equivalent,  NOAA's  National  Centers  for 
Environmental  Prediction  (NCEP).   Specifically,  Fleet  Numerical  and  NCEP 
back  each  other  up  as  protection  against  catastrophic  failure,  share  product 
output,  and  cooperate  in  the  development  of  computer  forecast  techniques.   In 
an  example  of  mutual  leveraging  of  scientific  research  and  development. 
Fleet  Numerical  and  NCEP  are  presently  working  cooperatively  to  develop  a 
previously  unavailable  coastal  ocean  prediction  capability.   Complexities  of 
differing  coastal  ocean  environments  require  that  each  agency  tackle  a 
different  part  of  the  problem  and  share  results.   The  benefit  will  be 
implementation  of  operational  capabilities  which  meet  the  needs  of  both 
agencies,  and  at  a  cost  much  lower  than  if  they  developed  similar  capabilities 
independently.    These  capabilities  will  include  significantly  improved  support 
for  search-and-rescue,  amphibious  landings,  U.S.  Coast  Guard  support,  drug 
interdiction,  etc. 

Beyond  these  agreements,  a  long  history  of  cooperation  exists  between 
federal  agencies  involved  with  weather  and  ocean  prediction.   Today,  in  this 
era  of  declining  budgets,  changing  military  requirements,  and  increased 
demands  for  services,  agencies  are  pursuing  new  areas  of  cooperation.   This 
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is  particularly  true  for  the  nation's  operational  processing  centers,  which  are 
capitalizing  on  improved  computer  and  communications  technologies  to 
pioneer  unprecedented  collaborative  efforts  in  the  forecasting  of 
meteorological  and  oceanographic  phenomena.   Today,  these  centers  are 
highly  interdependent  components  which  can  be  applied  to  a  broad  range  of 
national  defense,  economic  and  resource  protection  interests.   The  structure 
under  which  this  cooperation  takes  place  is  through  the  Committee  for 
Operational  Processing  Centers  under  the  congressionally  chartered  Office  of 
the  Federal  Coordinator  for  Meteorological  Services  and  Supporting 
Research.   Fleet  Numerical  is  a  major  participant  on  this  committee,  which 
meets  semi-annually  to  search  for  ways  to  cooperate  on  conmion  problems. 
Subcommittees  at  the  technical  level  then  implement  the  full  committee  policy 
decisions  for  the  conmion  good  of  all  concerned.  In  one  example,  the 
agencies  involved  (NOAA,  Air  Force  and  Navy)  are  presently  expanding  the 
mutual  exchange  of  data  by  installing  extremely  high  speed  ("Asynchronous 
Transfer  Mode")  data  links  between  their  respective  national  centers.   This 
effort  represents  an  early  Defense  Department  implementation  of  this 
burgeoning  conunercial  technology. 

Although  originally  formulated  to  address  meteorological  issues^  the 
Office  of  the  Federal  Coordinator  is  now  placing  increased  emphasis  on  the 
ocean.   Over  the  last  few  years,  the  Operational  Processing  Centers 
committee  membership  has  been  expanded  to  include  the  Naval 
Oceanographic  Office  and  NOAA's  National  Ocean  Service  in  recognition  of 
increased  interest  in  ocean  science  and  related  issues. 

The  Shared  Processing  Program  for  remote  sensing  is  another  example 
of  interagency  cooperation.   This  program  is  a  national  effort  which  divides 
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space  satellite  meteorological  and  oceanographic  processing  responsibilities 
between  the  major  processing  centers  of  this  data.  Partners  in  this  program 
are  the  Air  Force's  Air  Weather  Service,  NOAA's  NESDIS,  and  the  Navy 
centers  at  Fleet  Numerical  and  the  Naval  Oceanographic  Office  in' 
Mississippi.   Under  this  program,  Fleet  Numerical  has  been  designated  the 
national  Center  of  Expertise  for  microwave  imagery  deriving  such  products  as 
surface  wind  speed,  ice  location  and  thickness  and  rainfall  rates  from 
spacebome  sensors.  As  pointed  out  by  Rear  Admiral  Gaffhey  in  his  January 
25th  testimony,  the  two  Navy  sites  collectively  contribute  a  full  spectrum  of 
remotely  sensed  ocean  parameters  (winds,  seas,  ocean  surface  temperatures, 
altimetry,  sea  ice,  etc.)  to  the  national  data  bank  repository  of  remotely 
sensed  information.   This  data  is  then  available  for  both  operational  and 
historical  use,  within  government  and  in  the  private  sector.  Additionally, 
Fleet  Numerical  pioneered  the  establishment  of  algorithm  research  panels. 
These  panels  provide  a  mechanism  to  reach  out  to  not  only  government 
laboratories  but  to  universities  as  well  in  seeking  to  improve  the  quality  of 
satellite  derived  products. 

My  presentation  to  this  committee  would  not  be  complete  without 
sharing  with  you  the  partnerships  and  interactive  mechanisms  that  are  in  place 
both  inside  and  outside  of  Government  on  California's  Monterey  Peninsula. 
There,  the  unique  niche  that  Fleet  Numerical  Meteorology  and  Oceanography 
Center  fills  in  the  area  of  air-ocean  coupled  modeling  and  global  product 
distribution  to  both  military  and  civil  sector  users  has  helped  to  evolve  a 
burgeoning  "region  of  excellence"  in  the  marine  sciences.   This  "region  of 
excellence"  has  come  together  due  to  major  thrusts  in  three  areas  of  scientific 

8 


268 


synergism  -  education,  research  and  operations. 

On  the  education  side,  the  Naval  Postgraduate  School's  Meteorology  and 
Oceanography  Departments  go  back  to  the  early  1950s.   Fleet  Numerical  first 
located  in  Monterey  in  1959  to  take  advantage  of  the  school's  scientific  talent 
and  its  ownership  of  one  of  the  earliest  second-generation  mainframe 
computers.   Today,  we  not  only  have  strong  ties  with  the  meteorology  and 
oceanography  departments,  but  with  computer  science,  information 
technology  and  operations  studies  departments  as  well.   Other  Marine  Science 
graduate  programs  have  been  developed  in  the  Monterey  Bay  area  under  the 
auspices  of  Stanford  and  San  Jose  State  Universities,  and  the  University  of 
California  at  Santa  Cruz.    Today,  a  new  educational  institution,  the  California 
State  University  at  Monterey  Bay,  is  being  built  from  the  ground  up  as  a  21st 
,  century  campus  on  the  former  Fort  Ord  Army  Post.   This  new  university  will 
feature  major  programs  in  oceanography  and  meteorology.   It  opened  in 
August  1995,  and  enrollment  is  expected  to  approach  25,000  students  in  the 
next  century. 

On  the  research  side,  the  Naval  Research  Laboratory  (NRL)'s  Marine 
Meteorology  Division  moved  to  Monterey  from  Norfolk,  VA  in  1971  to 
collocate  with  Fleet  Numerical  and  the  Naval  Postgraduate  School.   This 
division  of  NRL  is  responsible  for  developing  the  computer-generated 
atmospheric  and  coupled  air-ocean  predictions  which  are  then  implemented 
operationally  at  Fleet  Numerical.   The  division's  collocation  with  Fleet 
Numerical  significantly  streamlines  the  process  of  transitioning  these 
computer  programs  from  a  science  and  technology  to  an  operational 
environment,  and  facilitates  the  correction  of  any  science  shortcomings  and/or 
software  errors  once  operational. 
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In  1969,  the  first  interagency  collocation  occurred  when  NOAA's 
National  Marine  Fisheries  Service  established  a  small  contingent  at  Fleet 
Numerical  called  the  Pacific  Fisheries  Environmental  Group.  This  was  done 
in  order  to  s^ply  the  Navy's  information  on  the  marine  environment  to  the 
nation's  fisheries  issues.   This  Group  is  the  single  laboratory  in  the  Fisheries 
system  that  focuses  on  comprehensive  assessment  and  understanding  of  the 
fundamental  effects  of  natural  environmental  variability  on  marine  living 
resources.   The  close  relationship  between  the  Fisheries  Grroup  and  Fleet 
Numerical  includes  ocean  data  exchange,  and  use  of  Fleet  Numerical's  real- 
time products  and  archived  historical  data  for  fisheries  research.   The  NOAA 
Fisheries  Grroup  is  thus  able  to  use  Navy  oceanographic  information  to 
enhance  the  international  competitiveness  and  productivity  of  our  nation's 
fishing  industry. 

On  the  marine  science  side,  the  Monterey  Bay  Aquarium  Research 
Institute  was  established  by  the  Packard  Foundation  in  the  mid  1980s  as  an 
adjunct  to  the  new  (now  world  renowned)  Monterey  Bay  Aquarium. 
Additionally,  a  new  research  center  focusing  on  marine  sciences  and  the 
environment  is  also  being  established  on  the  former  Fort  Ord  Army  Post.  It  is 
being  developed  under  the  direction  of  the  University  of  California  at  Santa 
Cruz.   This  center,  known  as  the  Monterey  Bay  Science  and  Technology 
Center,  will  be  a  true  partnership  between  academia  and  industry  with  full 
cooperation  from  related  government  agencies. 

The  operational  side  of  this  scientific  synergism  has  focused  primarily  on 
Fleet  Numerical  for  most  of  the  past  35  years.   However,  over  the  last 
decade,  NOAA  has  shown  an  increasing  interest  in  the  cooperative  benefits  of 
collocation.   In  1985,  a  component  of  NOAA's  National  Ocean  Service  was 

10 


270 


established  on  the  Fleet  Numerical  compound  to  act  as  a  conduit  to  provide 
Navy  meteorological  and  oceanographic  data  to  the  civilian  sector.   In  1994, 
the  National  Weather  Service  relocated  its  Northern  and  Central  California 
Forecast  Office  from  the  San  Francisco  Bay  area  to  a  location  immediately 
adjacent  to  Fleet  Numerical  in  Monterey.   This  was  done  in  part  because  of 
NOAA's  desire  to  collocate  its  Weather  Forecast  Offices  with  institutions  of 
higher  learning  in  the  air-ocean  sciences  where  possible,  and  in  part  to  the 
opportunity  for  collocation  with  the  Navy  and  other  NOAA  activities. 
Interestingly,  this  Forecast  Office  is  one  of  the  few  with  oceanographic 
responsibilities  in  support  of  civil  interests,  thus  the  synergism  from 
collocation  is  indeed  beneficial  operationally.   This  relocation  to  Monterey 
has  already  resulted  in  the  availability  of  additional  shared  information  and 
capabilities  among  the  several  collocated  organizations,  and  has  provided  new 
educational  and  research  opportunities  for  Weather  Service  personnel  at  the 
nearby  Naval  Postgraduate  School. 

Mr.  Chairman,  I  have  taken  this  opportimity  to  expound  on  the  January 
25th  remarks  of  Admiral  Boorda  and  Rear  Admiral  Gafiney  in  order  to 
describe  the  unique  role  Fleet  Nmnerical  plays  in  the  nation's  defense,  and  in 
its  capability  to  help  develop  and  contribute  to  academic/govemment/industry 
partnerships.   I  have  further  shared  with  you  the  synergistic  relationship  that 
is  blossoming  on  the  Monterey  Peninsula  in  the  form  of  a  Center  of 
Excellence  in  Marine  Sciences.   Mr.  Chairman,  I  have  appreciated  the 
opportunity  to  present  this  testimony.   We  look  forward  to  the  visit  tomorrow 
of  your  staff  personnel,  in  order  that  they  may  see  this  synergistic  cooperative 
effort  in  action. 
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CONGRESSIONAL  FIELD  BRIEFING:  REGIONAL  OFFORTUNnTES  IN  LEVERAGING 
OCEANOGRAPmC  RESEARCH  FOR  DEFENSE  AND  NON-DEFENSE  INDUSTRIES 
ANDACnvmES 


February  12, 1996 


Distinguished  Members  of  Congress 

My  name  is  James  Kennett  and  I  am  a  Professor  of  Oceanography  in  the  Department  of 
Geological  Sciences  and  Director  of  the  Marine  Science  Institute  at  the  University  of 
California  Santa  Barbara  (UCSB).  I  am  pleased  to  testify  in  this  west  coast  field  hearing 
concerning  the  future  of  marine  science  research.  As  a  member  of  the  local  community,  I 
welcome  Committee  Members  and  Wimesses  to  our  area.  Much  of  our  local  economy  and 
quality  of  life  is  related  to  the  proximity  of  the  ocean,  and  reflects  the  community's  desire  to 
manage  this  asset  in  a  scientifically  and  socially  responsible  way.  UCSB  has  a  large  and 
very  active  marine  research  and  teaching  program  which  is  fitting  for  a  University  campus 
which  is  the  only  full-spectrum  university  in  the  United  States  that  is  located  on  the  open- 
ocean.  We  are  also  linked  through  consortia  and  other  mechanisms  with  extensive  marine 
science  programs  conducted  on  a  number  of  the  campuses  of  the  University  of  California 
(including  Soripps  Institution  of  Oceanography),  which  surely  must  make  ihe  University  of 
Ccdifomia  the  largest  academic  marine  science  and  teaching  enterprise  in  the  world.  There 
are  other  important  connections.  UCSB  is  pleased  to  be  a  member  of  the  Consortiimi  for 
Oceanographic  Research  and  Education  (CORE),  which  is  a  broad  and  Icirge  partnership  of 
this  nation's  academic  marine  programs  and  is  beginning  to  play  a  major  leadership  role  in 
marine  sciences  in  this  nation.  In  fact  I  am  happy  to  report  that  UCSB  is  a  member  of  the 
first  regional  group  to  join  CORE  in  coop>eration  with  UCLA,  UC  Irvine  and  UC  Santa 
Cruz.  Our  research  programs  here  at  UCSB  range  through  a  broad  spectnmi  of  marine 
science  but  I  shall  be  able  to  mention  only  a  few.  Additional  information  about  our 
program  is  provided  separately. 

University  faculty  know  that  research  and  teaching  are  closely  intertwined.  To  attain  the 
best  results,  students  must  experience  a  superior,  stimulating  and  exciting  intellectual 
environment.  It  has  been  stated  that,  "the  university  lives  on  the  research  of  its  faculty  and 
the  learning  of  its  young.  The  university  looks  to  the  future,  cares  for  the  future,  works  for 
the  future.  By  counterpoising  the  experience  and  fatigue  of  its  Acuity  against  the  energy 
and  innocence  of  its  students,  it  almost  invisibly  reshapes  the  republic  in  the  minds  and 
hearts  of  the  young."  Research  prospers  at  imiversities  because,  not  in  spite,  of  its 
educational  role. 

Our  teaching  program  in  marine  science  at  UCSB  involves  large  numbers  of  undergraduate 
and  graduate  students  and  is  connected  with  a  strong  and  diverse  marine  science  research 
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prograin.  This  morning  I  gave  a  lectvire  to  more  than  200  imdergraduate  students  in  a 
general  education  course  on  oceanography.  Marine  science  courses  are  very  popular  with 
our  undergraduate  students.  In  fact  more  than  half  of  all  graduating  students  at  UCSB 
have  taken  at  least  one  course  in  marine  sdence.  This  amounts  to  thousands  of  students 
per  year.  Why  do  our  students  take  courses  dealing  with  the  ocean?  The  main  reason 
appears  to  be  because  young  people  are  very  interested  in  the  ocean  environment  and  its 
life,  and  sense  the  great  importance  of  the  ocean's  role  in  their  destiny;  its  role  as  a  major 
player  in  the  global  environment,  the  global  economy,  security,  and  as  a  frontier  zone  of 
discovery.  Undergraduate  students  also  work  as  apprentices  in  many  of  our  marine 
sdence  laboratories.  Currently  we  have  138  vmdergraduate  students  employed  in 
laboratories  associated  with  the  Marine  Science  Institute  (MSI).  Also  we  have  more  than 
100  graduate  students  at  UCSB  working  on  marine-related  research  problems.  The  extent 
of  this  activity  seems  to  reflect  the  public's  insatiable  apjjetite  for  knowledge  about  the 
ocean;  also  reflected  by  an  on-going  proliferation  of  marine  aquaria  in  this  nation  and  the 
world.  In  this  regard,  each  year  at  MSI  we  guide  more  than  7,000  school  children  on  tours 
through  the  university's  sea-water  facility  and  biological  holding  tanks.  This  is  one  of  the 
university's  most  popular  public  outreadi  programs  and  has  required  a  lottery  to  help 
regulate  the  strong  demand.  In  these  and  related  teaching  programs  we  have  discovered 
that  our  marine  sdence  education  programs  have  been  effective  in  helping  students 
nurture  interest  in  sdence. 

Why  study  the  oceans?  Why  should  sodety  support  research  in  marine  sdence?  I  believe 
this  is  important  because  the  oceans  are  becoming  increasingly  linked  to  the  great  future 
challenges  that  currently  face  human  beings.  What  vdU  be  the  big  issues  facing  sodety  in 
the  21st  century?  I  believe  that  the  most  important  challenges  facing  sodety  in  the  next 
century  will  be  those  resulting  from  extremely  rapid  human  population  growth  and 
associated  industrialization.  This  will  severely  test  global  resources  and  the  related 
integrity  of  the  global  environment  and  biosphere.  Also  tested  will  be  the  existing  sodal 
order.  The  ocean  will  become  increasingly  important  in  these  key  future  issues.  The  ocean 
is  the  dominant  featiire  of  Earth;  it  covers  72%  of  the  Earth's  surface,  constitutes  more  than 
90%  of  the  habitable  space  for  life,  and  contains  critical  food  and  mineral  resources.  Our 
weather,  in  large  measure,  is  formed  and  strongly  modified  over  the  oceans.  The  ocean 
exerts  truly  enormous  control  over  the  global  climate  system.  The  Pacific  and  Southern 
Oceans  tu-e  particularly  important  in  this  regard.  The  f>eople  of  the  United  States  have 
developed  a  strong  affinity  with  the  ocean.  More  than  50  percent  of  the  U.S.  population 
lives  within  50  miles  of  the  ocean  and  the  Great  Lakes.  Human  populatiorw  throughout  the 
world  duster  dose  to  the  ocean.  The  oceans  are  very  important  in  international 
transportation  espedcilly  related  to  trade.  Increasing  effidency  in  marine  transportation  in 
international  trade  has  played  a  key  role  in  the  expansion  of  the  global  economy.  Further, 
the  apparent  shrinking  of  our  planet  has  led  to  greater  importance  of  the  ocean  with  respect 
to  national  and  international  security,  and  hence  of  increasing  importance  to  the  military. 
The  U.S.  Navy  has  alvrays  had  a  dose  relationship  with  the  oceanographic  community, 
with  the  attitude  that  new  basic  knowledge  about  the  ocean  automatically  strengthens  the 
Navy's  mission.  With  the  end  of  the  Cold  War,  the  Navy  is  entering  into  a  new  phase  of 
sharing  its  formerly  dassified  facilities  with  imdassified  acadenuc  researchers  in  the  same 
spirit 
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Yet  in  spite  of  all  these  factors,  the  ocean  reniains  inadequately  described  and  poorly 
understood  as  a  system.  Ignorance  about  our  oceans  translates  into  major  ignorance  about 
our  planet  In  spite  of  major  advances  since  1950,  the  ocean  remains  a  major  frontier  in 
science.  Much  of  the  ocean  environment  is  remote,  cold  and  dark.  It  is  not  an  easy 
environment  to  work  in  and  on,  especially  if  you  get  seasick!  Its  v/orkings  are  poorly 
imderstood.  It  is  not  a  simple  system  and  interacts  in  complex  ways  with  the  other 
components  of  the  Earth  system.  For  the  first  time,  the  Earth  is  beLag  studied  by  scientists 
as  a  system  of  closely  integrated  components.  Science  and  Technology  have  now  evolved 
sufficiently  to  begin  to  imravel  the  complex  processes  that  dominate  the  life-sustaining 
Earth,  including  how  human  activities  may  influence  change.  The  Earth  is  a  linked  system 
-  change  one  part  and  another  part  is  changed.  However,  much  ignorance  remains  about 
such  linkages  and  feedbacks  and  about  processes  that  control  weather  variability,  climate 
change  on  various  time  scales,  global  change  in  the  geological  past,  ocean  sediment 
processes  and  associated  mineral  and  hydrocarbon  resources  on  continental  margins,  and 
the  processes  that  govern  biological  cycling  in  the  ocean.  In  effect,  we  need  to  better 
understand  the  role  of  the  ocean  and  its  marine  biota  and  their  role  in  the  Earth  system. 

Kfarine  scientists  at  UC  Santa  Barbara  continue  to  contribute  toward  better  understanding 
of  our  ocean  and  the  related  workings  of  our  planet.  We  are  able  to  work  in  a  remarkable 
natural  marine  laboratory  right  on  our  doorstep.  The  marine  enviroiunent  of  the  Santa 
Barbara  Channel  and  California  Current  system  is  providing  us  vdth  an  astonishingly  dear 
window  to  view  the  workings  of  the  global  ocean  and  climate  system.  It  appears  to 
amplify  global  signals.  Investigations  by  campus  scientists  working  in  this  natural 
laboratory  are  leading  to  important  and  exdting  discoveries.  For  example,  we  have 
recently  discovered  in  the  drilled  sedimentary  record  of  the  Santa  Barbara  Basin  (drilled  by 
the  Ocean  Drilling  Program),  evidence  for  many  major,  rapid  sea-surface  warming  events 
in  the  recent  geologic  past  that  occurred  within  human  life  spans.  These  correlate  with 
similar  rapid  warming  events  recorded  in  the  Greenland  Ice  Sheet  on  the  other  side  of  the 
globe.  Our  results  suggest  a  high  sensitivity  of  the  vast  Pacific  Ocean  to  change  in  the 
global  climate  system.  Considerable  energy  was  required  to  cause  these  rapid  warming 
events.  We  believe  that  we  have  discovered  the  cause  of  these  rapid  warming  evente;  Le., 
where  this  energy  came  from.  Our  geochemical  results  suggest  that  the  warmings  were 
possibly  caused  by  major  releases  of  large  volumes  of  methane  (natural  gas)  from  ocean 
sediments  on  the  continental  margins  due  to  the  melting  of  gas  hydrates,  or  dathrates, 
frozen  writhin  the  sediments.  At  the  relatively  high  pressures  in  d\e  ocean,  a  mixture  of 
methane  and  water  freezes  at  particular  ocean  floor  temperatures.  Our  data  suggest  that 
the  ocean  periodically  burped  methane,  leading  to  rapid  greenhouse  warming.  This  work 
is  new  and  surprising  and  our  hypothesis  remains  to  be  independently  tested  and  verified. 
We  discovered  these  features  first  because  the  Santa  Barbara  Basin  sediment  record  acts  as 
a  powerful  telescope  aimed  at  the  marine  climate  record.  Our  results  also  highlight  the  fact 
that  we  still  know  little  about  major  processes  occurring  in  the  ocean  and  interrelations 
with  the  Earth  system.  Expect  major  svirprises  in  the  future! 

Our  work  also  helps  highlight  the  importance  of  dathrates  as  an  enormous,  but  poorly 
known  energy  resource.  Qathrates  store  large  volujnes  of  organic  carbon.  Estimates  of  the 
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total  amount  of  organic  carbon  stored  as  methane  in  dathrates  is  11,000  Gigatons,  which  is 
more  than  double  the  known  reserves  of  all  fossil  fuels  in  the  world!  Given  that  dathrates 
represent  such  an  important  potential  future  energy  source,  I  have  been  surprised  about 
how  little  is  known  about  them.  I  need  to  mention  that  the  Ocean  Drilling  Program  (ODP) 
has  provided  important  assistance.  ODP,  an  international  effort,  led  by  the  United  States, 
is  one  of  the  largest  and  most  successful  earth  sdence  programs  of  this  century  and 
certainly  the  most  successful  international  program.  This  program  forms  an  important 
technological  internee  between  Academia  and  Industry.  Resulting  data  has  led  to 
enormous  advances  in  knowledge  about  how  the  Earth  works,  and  this  is  important  to  the 
Industrial  sector. 

The  richness  of  hydrocarbons  in  marine  sediments  of  this  region  of  California  is  well 
known  and  results  from  a  particular  combination  of  geological  and  oceanographic 
conditions.  Because  of  this,  our  local  natural  marine  laboratory  also  provides  important 
opportimities  to  study  processes  involved  in  the  formation  of  hydrocarbons  in  a  modem 
setting.  On  the  other  hand,  the  local  situation  also  provides  unusual  opportimities  to  study 
the  affects  of  multiple  oil  production  platforms  on  tiie  marine  envirorunent.  This  is  a 
highly  contentious  issue  with  little  sdentific  evidence  to  sort  out  fact  from  fiction!  We  have 
programs  at  UCSB  that  are  studying  this  problem.  These  programs  are  being  carried  out 
by  groups  involving  Industry,  the  University  of  California,  the  State  of  California  and  the 
Department  of  Interior.  Such  cooperative  programs  involving  universities  are  dearly 
productive  ventures  and  we  need  more  of  them  to  obtain  useful  answers  to  pressing 
problems.  Because  of  the  historic  environmental  measures  that  have  had  to  be  taken 
concerning  the  local  offshore  oil  platforms,  Santa  Barbara  is  now  a  world  center  for  the 
export  of  offshore  oil  pollution  advice  and  technology.  This  has  developed  into  a  viable 
commerdal  industry  in  itself. 

Sdentific  discoveries  by  UCSB  marine  biotechnologists  and  pharmacologists  dviring  the  last 
two  decades  supported  by  the  Sea  Grant  Program  have  led  to  successful  technology 
transfer  between  the  academic  and  commerdal  worlds.  One  example  is  the  discovery  of 
anti-inflammatory  drugs  for  medical  use.  Other  discoverie  have  assisted  with  the 
development  of  the  abalone  aquaculture  industry.  The  discovery  of  chemical  cues  that 
induce  spawning  and  progressive  life  development  (metamorphosis)  in  abalones  have  been 
vital  in  the  development  of  an  economically  viable  commerdal  abalone  industry  here  in 
Southern  California.  This  developing  industry  now  accounts  for  revenues  of  millions  of 
dollars  annually.  The  fishery  is  also  important  because  of  the  severe  depletion  of  the  wild 
stocks  of  abalones  at  a  time  of  increasing  consumer  demand.  These  discoveries  represent 
small  but  important  beginnings  towards  economical  utilization  of  ocean  materials. 

As  a  result  of  continued  environmental  disturbance  by  hvunan  activities,  increasing  needs 
exist  for  determining  ways  of  mitigating  adverse  effects  resulting  from  anthropogenic 
activities  on  coastal  marine  resources.  Environmental  degradation  leads  to  resource 
degradation  which  in  turn  can  lead  to  economic  degradation.  The  largest  present  day 
commerdal  fishery  in  California  is  based  on  red  sea  urchin  gonads.  Continued  viability  of 
this  urchin  fishery  depends  upon  healthy  kelp  production  since  the  urchins  feed  almost 
entirely  on  this  algae.  Researchers  at  UCSB  continue  to  investigate  kelp  biology  and  have 
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imp>ortaiit  to  the  agricultural  industry.  Although  by  no  means  solved,  excellent  beginnings 
have  been  made  in  understanding  such  changes  in  the  climate  system.  The  Insurance 
Industry  has  become  very  interested  in  ocean  storms,  especially  hurricanes. 

In  dosing,  I  wish  to  say  that  I  believe  that  much  stronger  linkages  must  be  developed 
between  scientists  and  congressional  p>olicy  makers.  Sound  policy  decisions  should  be 
based  on  the  best  available  scientific  information.  However,  environmenteil  change  is 
occurring  rapidly  and  with  the  grim  prospects  of  world  population  increase,  the  pace  will 
continue  to  quicken.  Soimd  policy  requires  the  best  available  scientific  concepts  and  data 
which  take  time  to  generate.  It  is  critical  that  these  are  produced  ahead  of  time  to  assist 
with  policy  decisions.  As  I  have  mentioned  earlier,  the  ocean  is  the  sum  of  a  complex 
interplay  of  various  components  that  are  linked  to  other  parts  of  the  Earth  system.  Study  of 
the  ocean  thus  requires  much  closer  partnerships  between  the  public,  their  congressional 
representatives,  government  and  state  agencies,  universities  and  industry,  all  of  which 
bring  valuable  and  vitally  different  perspectives  to  the  overall  understanding  of  the  global 
environment  In  certain  cases  this  should  be  expanded  to  the  intemationad  community 
such  as  illustrated  by  the  Ocean  Drilling  Program.  The  Ocean  Drilling  Progran\  after  all 
has  taught  us,  amongst  many  things,  that  we  live  on  a  planet  that  has  constantly  undergone 
dynamic  change. 

The  United  States  has  been  the  world  leader  in  marine  science  research  since  World  War  U, 
and  this  has  led  to  a  remarkably  rapid  increase  in  the  understanding  of  the  oceans.  There 
has  been  a  marked  decrease  in  the  last  15  years  in  the  funding  levels  (in  constant  dollars) 
that  support  marine  science  research  in  this  nation.  The  oceans  are  far  too  important 
economically,  environmentally,  culturally  and  aesthetically  to  seriously  impair  further 
understanding.  The  nation  must  not  continue  to  erode  its  science  and  technology  base.  It 
is  difficult  to  predict  future  directions  in  science,  especially  that  related  to  resource 
utilization,  conservation  and  the  economy  of  the  nation.  However  it  is  crucial  that  the 
United  States  does  not  export  its  current  leadership  role  in  ocean  research. 


James  P.  Kennett 

Marine  Science  Institute  and 

Department  of  Geological  Sciences 

University  of  California  Santa  Barbara 

Santa  Barbara,  CA  93106 

(805)  893-3764 

Kennett@msi.ucsb.edu 


276 


WRTITEN  STATEMENT  OF 


ARTHUR  U.  AYRES 

CfflEF  OPERATIONS  ENGINEER 

VICE  PRESIDENT 

SCIENCE  APPLICATIONS  INTERNATIONAL  CORPORATION 


BEFORE  THE  JOINT  HEARINGS 


SUBCOMMTTEE  ON  MILITARY  RESEARCH  AND  DEVELOPMENT 

COMMITTEE  ON  NATIONAL  SECURITY 

U.S.  HOUSE  OF  REPRESENTATIVES 


SUBCOMMITTEE  ON  ENERGY  AND  ENVIRONMENT 

COMMITTEE  ON  SCIENCE 

U.S.  HOUSE  OF  REPRESENTATIVES 


12  FEBRUARY  1996 


277 


The  MariPro  Operation  of  Science  Applications  International  Corporation  is  involved  in  the 
design,  manufacture  and  installation  of  a  wide  range  of  systems  for  military,  scientific  and 
commercial  customers.   These  systems  are  ocean  based  and  consist  of  cables  and  various 
sensors  installed  in  water  depths  from  deep  abyssal  ocean  to  shallow  littoral.   As  examples, 
they  include  a  Training  Range  for  the  Navy,  the  acoustic  source  installation  for  the  ATOC 
program  and  the  communications  system  from  Pt  Mugu  to  San  Nicolas  Island. 

The  Fleet  Tactical  Training  Range  installed  at  San  Clemente  Island  provides  the  Navy  a  200 
square  nautical  instrumented  facility  to  provide  the  accurate  three  dimensional  location  of 
underwater  participants  in  Naval  training  exercises.   This  range  consists  of  8  cabled  arrays 
running  from  shore  to  sea.   Each  array  has  8  hydrophones  separated  by  one  to  two  nautical 
miles  and  a  trunk  to  the  beach  landing.   The  program  required  the  hydrophones  to  be  placed 
on  the  bottom  with  an  absolute  accuracy  of  better  than  100  meters  in  water  depths  of  up  to 
2000  meters.   The  planning  for  this  system  included  a  design  compatible  with  the  installation 
requirements  and  an  installation  procedure  to  provide  the  required  placement  accuracy. 
Historic  data  provided  general  bathyemetery  and  very  limited  ocean  current  data.   This  was 
adequate  to  establish  the  general  approach  to  the  installation.   However,  bathyemetry  over 
each  of  the  cable  runs  was  acquired  to  establish  the  detailed  cable  deployment  schedule.   A 
major  problem  in  this  type  of  installation  is  knowledge  of  ocean  current  profiles  at  the  time 
the  cable  is  being  deployed.   This  was  accomplished  by  using  a  pair  of  doppler  current 
meters  in  real  time.    One  was  installed  on  the  installation  vessel  and  the  towed  near  the 
bottom.   This  approach  worked,  but  limited  the  installation  to  speeds  less  than  one  knot 
exposing  the  system  to  up  to  60  hours  of  risk  due  to  changes  in  the  weather.   Weather 
forecasting  played  a  critical  role  in  the  program.   More  detailed  knowledge  of  the  expected 
ocean  current  in  the  area  and  its  variability  could  have  eliminated  the  need  for  real  time 
current  measurements  and  allowed  installation  at  higher  speeds.   This  would  have 
significantly  reduced  the  cost  of  the  installation  and  reduced  the  risk  of  system  damage  or 
loss  due  to  changes  in  the  weather.   The  availability  of  long  term  current  data  in  the  San 
Clemente  area  could  possibly  be  of  benefit  to  the  Environmental  community.    A 
measurement  program  was  undertaken  by  MMS  in  the  Santa  Barbara  channel  several  years 
ago  to  provide  data  on  the  transport  of  oil  in  the  area  in  case  of  a  major  spill.   This  data  base 
was  limited  to  the  specific  requirements  of  MMS.    Whether  or  not  there  could  have  been  an 
overlapping  program  to  include  the  Navy  requirements  is  not  known.    However,  there 
appears  to  be  a  possibility  that  joint  regional  planning  between  agencies  with  vastly  different 
charters  could  have  saved  in  the  overall  cost  of  both  programs. 

The  Acoustic  Thermometry  for  Ocean  Climate  (ATOC)  program  will  provide  long  term 
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temperature  measurements  of  the  Pacific  Ocean  to  establish  the  trend  of  global  temperature. 
An  acoustic  source  was  installed  on  a  sea  mount  off  the  coast  of  Northern  California  at  Pillar 
Point.   The  installation  required  a  detailed  knowledge  of  the  bathymetry  from  the  beach  to 
the  installation  point.   Since  the  projector  was  to  be  installed  on  the  sea  mount,  the 
requirements  for  accurate  navigation  and  depth  measurements  were  stringent.   The  site  was 
surveyed  using  a  precision  depth  recorder  and  differential  GPS  navigation.    As  in  the  San 
Clemente  installation,  accurate  predictions  of  weather  and  sea  conditions  over  periods  of 
several  days  was  required.   The  penalty  for  poor  depth  data,  navigation  or  weather  prediction 
is  the  loss  of  expensive  and  difficult  to  replace  equipment. 

Communications  between  the  mainland  and  San  Nicolas  Island  play  a  vital  role  in  the 
development  and  test  of  Naval  Systems.   The  microwave  system  in  use  prior  to  the 
installation  of  the  fiber  optic  cables  provided  limited  and  marginal  communications.   The 
FCXTUS  program  replaced  microwaves  with  a  1.2  Gb/s  optical  system  with  significantly  more 
capacity  and  reliability.   The  installation  required  sea  to  shore  interfaces  at  both  Pt  Mugu  and 
San  Nicolas  Island.   These  interfaces  were  constructed  using  reconditioned  drill  pipe  as  a 
conduit  for  the  cable.   The  design  of  this  protection  required  estimates  of  sand  transport, 
depletion  during  winter  and  replacement  in  summer.   Some  data  was  available,  but 
coordinated  data  bases  from  the  many  programs  studying  this  area  would  have  made  the 
design  process  more  satisfactory  from  an  engineering  standpoint  and  would  have  reduced  the 
risk  of  system  damage  during  its  25  year  service  life.   The  cable  route  from  the  mainland  to 
the  island  was  planned  using  standard  bathymetric  charts.   These  gave  a  general  indication  of 
depths  and  slopes.    Prior  to  the  cable  deployment,  a  detailed  survey  was  accomplished  using 
a  precision  depth  recorder  and  differential  GPS  as  a  navigation  aid.   This  data,  along  with 
data  collected  by  the  Navy  provided  the  data  base  for  the  program.   This  data  was  not 
coordinated  with  NOAA  or  any  other  agency.    Whether  or  not  this  would  be  a  useful  thing  is 
not  known.    However,  large  amounts  of  data  are  collected  for  many  programs.   If  this  could 
be  coordinated,  it  might  reduce  the  need  for  other  collection  programs. 

All  of  the  described  programs  use  ships  of  opportunity  for  the  at-sea  work.    Since  dedicated 
vessels  require  operation  and  maintenance  cost  beyond  the  scope  of  current  programs,  SAIC 
has  developed  a  containerized  installation  system.   The  elements  of  this  system  include  the 
cable  hold  back  machine  and  its  power  pack,  cable  splicing  and  navigation  vans.   These  units 
use  standard  ISO  containers  or  container  form  factors  allowing  them  to  be  shipped  as 
standard  ocean  freight.    In  most  markets  a  wide  range  of  ships  are  available  for  charter  at 
day  rates.   These  are  normally  off-shore  oil  supply  boats  with  large  un-obstructed  after 
decks.   The  containers  are  designed  for  rapid  mobilization.   This  permits  the  conversion  of  a 


279 


vessel  to  a  cable  layer  in  24  hours.   This  concq)t  can  be  used  for  a  wide  range  of 
oceanogny>hic  missions. 

The  interaction  between  Oceanography  and  the  SAIC  ocean  system  business  is  primarily  in 
the  area  of  data  sets  relating  to  bathymetry,  current  profile  and  bottom  characteristics. 
During  the  design  of  these  systems,  accurate  and  complete  data  would  speed  the  design 
process  and  reduce  the  risk  of  ^lure  during  the  installation  phase.   Data  is  available  from  a 
wide  range  of  sources,  but  it  is  difficult  to  assemble  and  apply  under  the  pressure  of  tight 
schedules  and  limited  budgets.   A  possible  solution  to  this  problem  could  be  the  availability 
of  "consultants"  within  the  oceanographic  community  who  would  be  available,  along  with 
well  organized  data  bases,  to  both  military  and  commercial  programs.  These  sources, 
whether  they  be  government  or  academic,  of  design  data  could  be  included  in  DOD 
procurements.   Commercial  programs  would  pay  for  these  services  as  required.   Since  both 
military  and  commercial  programs  are  driven  by  cost,  these  data  sources  would  have  to  be 
efficient  and  directly  applicable  to  the  specific  design  problem. 

The  SAIC  to  Oceanography  interaction  appears  to  be  some  formalization  of  our  data 
collection  for  specific  programs  to  make  them  applicable  for  other  uses.   As  an  example,  the 
collection  of  bathymetric  data  for  a  cable  installation  could  be  used  by  NOAA  in  the 
generation  of  more  accurate  bathymetric  charts  and  data  sets.  To  be  useful,  the  data  would 
have  to  meet  the  quality  requirements  set  up  for  these  uses.  This  requires  the  establishment 
of  requirements  at  the  beginning  of  government  sponsored  programs  or  the  development  of 
payment  schedules  for  data  generated  by  commercial  programs. 

As  in  all  endeavors,  the  most  difficult  problem  is  one  of  coordinating  diverse  programs  over 
extended  periods  of  time  to  meet  well  established  goals.   If  the  requirements  of  the 
Oceanographic  community  could  be  generalized  and  made  known  to  the  other  elements  of  the 
ocean  community,  there  is  a  possibility  that  a  program  to  share  the  collection  of  data  could 
be  established.  This  could  reduce  the  need  for  specific  programs  and  provide  more  complete 
data  to  the  designers  of  ocean  systems.   This  would  provide  not  only  a  direct  reduction  of  the 
cost  of  collecting  data,  but  provide  savings  in  the  cost  of  systems  through  the  reduction  in  the 
risk  of  failure  while  working  at  sea. 
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Testimony  of  Dr.  John  Orcutt 

Director,  Institute  of  Geophysics  and  Planetary  Physics 

Scripps  Institution  of  Oceanog;raphy 

University  of  California,  San  Diego 

Before  the 

House  National  Security  Subcommittee  on  Military  Research  and 

Development 

and  the 

House  Science  Subcommittee  on  Energy  and  Environment 

February  12, 1996 

Mr.  Chairman  and  members  of  the  subcommittees,  thcink  you  for  this  opj)ortimity 
to  discuss  the  future  of  oceanographic  research.  I  am  Dr.  John  Orcutt,  Director  of  the 
Institute  of  Geophysics  and  Planetary  Physics  at  Scripps  Institution  of  Oceanography 
(SIO).  I  am  representing  Dr.  Edward  Frieman,  Vice  Chancellor  of  Marine  Sciences  at 
the  University  of  California  at  San  Diego  (UCSD)  and  Director  of  Scripps  Ii\stitution 
of  Oceanography.  Dr.  Frieman  regrets  that  he  is  not  able  to  participate  in  this 
important  briefing.  On  behalf  of  Dr.  Frieman  and  my  colleagues  at  SIO,  I  want  to 
express  our  appreciation  for  your  interest  in  the  future  of  oceanographic  research.  I 
also  want  to  thank  Admiral  Watkins,  President  of  the  Consortium  for 
Oceanographic  Research  and  Education  (CORE),  for  his  leadership  on  this  issue. 

I  have  been  going  to  sea  for  nearly  three  decades.  First  as  a  submariner  in  the  U.S. 
Navy  and  later  as  a  marine  seismologist  studying  volcanic  mid-ocean  ridges.  My 
exf>erience  in  the  Navy  heightened  my  awareness  of  the  importance  of 
understanding  ocean  processes  for  national  security.   Strong  federal  investment  in 
oceanography  since  World  War  n  enabled  our  country  to  meet  the  challenges  of  the 
Cold  War.   I  am  concerned,  however,  that  mission  agencies  (Navy,  NASA,  NOAA, 
DOE)  are  decreasing  their  support  for  discovery  research  and  thereby  undermining 
our  capacity  to  meet  the  challenges  of  the  next  decade.  Many  of  these  challenges 
demand  the  resources  and  capabilities  of  the  ocean  science  community. 
Strengthening  the  partnership  between  the  oceanographic  community  and  the 
federal  government  is  essential  to  our  ability  to  expand  and  master  new  frontiers. 

Scripps  Institution  of  Oceanography  was  built  through  a  series  of  partnerships— with 
the  Scripps  family,  the  State  of  California,  the  University  of  California  and  later  with 
the  Navy,  NSF  and  other  federal  agencies.   During  World  War  I,  Scripps  began 
several  large-scale  coof)erative  projects  with  the  State  and  federal  government, 
initiating  a  practice  that  we  continue  today.  I  will  begin  my  testimony  with  an 
overview  of  Scripps  to  illustrate  what  can  be  built  through  partnerships.  I  will  then 
focus  on  our  special  partnership  with  the  Department  of  Defense.  I  will  spend  the 
rest  of  my  testimony  discussing  one  of  the  most  critical  issues  for  the  future  of  U.S. 
Oceanographic  research— the  health  of  the  academic  fleet,  or  if  you  prefer— the 
"ships"  in  "partnership." 
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OVERVIEW  OF  SCRIPPS  INSTTTUTION  OF  OCEANOGRAPHY 

From  our  campus  overlooking  the  Pacific  Oceaix,  Scripps  Institution  of 
Oceanography  (SIO)  continues  a  more  than  90-year  tradition  of  scientific  leadership. 
This  leadership  was  developed  by  sharing  intellect,  experience,  data,  instrument 
development,  fadlities  and  labor  with  the  State  and  federal  government.  SIO  is  one 
of  the  world's  oldest,  largest,  and  most  important  centers  for  marine  science 
research,  graduate  trairung  and  public  service.  Part  of  the  University  of  California  at 
San  Diego,  SIO's  preeminence  in  biological,  physical,  chemical,  climatological, 
geological,  and  geophysical  studies  reflects  its  continuing  commitment  to  excellence 
in  research,  modern  fadlities,  distinguished  faculty,  outstanding  students,  and  the 
continued  support  of  the  State,  and  federal  govenunent.   Acknowledging  our  rich 
tradition,  the  National  Research  Covmdl  recently  ranked  SIO  first  in  faculty  quality 
among  oceanography  programs  nationwide. 

With  aimual  expenditiires  of  more  than  $100  million  and  a  staff  of  1,200  scientists, 
technicians  and  support  personnel,  including  nearly  200  graduate  students,  SIO  is 
involved  in  more  than  300  major  research  programs.   There  are  many  examples  of 
successful  oceanographic  partnerships  at  SIO.  For  the  record,  I  am  including 
overviews  of  some  of  these  projects  which  you  may  find  of  interest.  These 
partnerships  demonstrate  the  practical  value  of  investing  in  ocean  research. 

SIO  also  maintains  the  largest  fleet  of  academic  research  vessels  in  the  covmtry  with 
4  sea-going  vessels,  including  the  Roger  Revelle  (AGOR  24)  which  was  launched  on 
April  20, 1995,  and  two  research  platforms.  SIO  has  operated  both  large  and  small 
world-ranging  ocean  science  research  ships  continuously  since  1908  for  the  use  of  all 
U.S.,  ocean-going  researchers. 

The  success  of  U.S.  oceanographic  research  and  the  growth  of  institutions  such  as 
Scripps  are  due  to  the  financial  support  from  federal  and  State  agencies.  In  FY  1995, 
SIO  successfully  competed  for  more  than  $100  million  in  federal  funding:  nearly  $30 
million  from  the  National  Science  Foimdation;  nearly  $30  million  from  the 
Department  of  Defense  (primarily  the  Office  of  Naval  Research);  $17  million  from 
the  National  Oceanic  and  Atmospheric  Admirustration;  more  than  $6  million  from 
the  National  Aeronautics  and  Space  Administration;  $4.5  million  from  the 
Department  of  Energy:  and  approximately  $5  million  from  other  U.S.  government 
agencies  (MMS,  NIH,  USGS,  State  Department,  and  the  U.S.  Forest  Service).  SIO 
also  received  $18.5  million  in  support  from  the  State  of  California  and  $3  million  in 
private  gifts. 

The  success  of  SIO  also  depends  on  the  quality  of  its  students.  More  than  70%  of  SIO 
graduates  become  faculty  members  at  universities  around  the  world.  Scripps 
graduates  are  also  represented  in  ministerial  and  advisory  positions  in  a  number  of 
governmental  agencies  within  the  U.S.  and  in  other  countries. 
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SIO  &  NATIONAL  SECURITY 

In  FY  1995,  SIO  successfully  competed  for  nearly  $30  million  in  Department  of 
Defense  contracts  and  grants.  This  work  continues  the  more-than  50-year 
partnership  between  the  Department  of  Defense  and  SIO.  Through  this  partnership, 
DoD  and  SIO  scientists  have  advanced  the  frontiers  of  knowledge  of  the  world's 
oceans  and  developed  technologies  necessary  to  maintJiin  national  security.  Our 
nation  is  bordered  by  oceans,  thus  maintaining  control  of  these  oceaiw,  including 
the  development  of  a  full  imderstanding  of  ocean  processes  and  related 
technologies,  is  critical  to  national  security. 

During  World  War  II  and  continuing  today,  the  DoD  has  used  University- 
developed  knowledge  to  gain  and  maintain  its  operationcd  and  technological  lead 
over  all  other  nations.  With  the  end  of  the  Cold  War,  the  Department  of  Defense 
and  the  university  research  community  face  a  whole  new  set  of  challenges. 
Mciintaining  support  for  this  historic  partnership  will  be  critical  to  maintain  our 
economic  strength  and  national  security. 

The  MEDEA  project,  originally  called  the  Enviroiunental  Task  Force,  is  one  example 
of  the  value  of  continuing  this  partnership.   The  fifty  scientists  involved  in  the 
project  were  cleared  to  access  highly  classified  information  and  were  provided  with 
detailed  information  on  a  number  of  intelligence  and  defense  databases, 
technologies,  and  methodologies  which  might  be  used  to  develop  a  more  complete 
view  of  Earth's  environment  from  climate  through  land  use  to  volcanoes  and 
earthquakes.   MEDEA  embodies  the  elements  of  partnership  that  should  be 
transferred  to  other  areas— a  shared  understanding  of  our  common  objectives,  a 
mutual  respect  for  our  complementary  strengths,  and  a  willingness  to  explore  new 
territory  together.    Admiral  Boorda,  Chief  of  Naval  Operations,  and  Admiral 
Gaffney,  Commander  of  the  Naval  Meteorology  and  Oceanography  Command, 
have  testified  to  the  considerable  value  of  this  partnership  and  I  will  not  belabor  the 
point  except  to  mention  that  I  am  a  member  of  MEDEA.  I  have  brought  along  a 
revolutionary  map  of  the  world  ocean  derived  by  scientists  at  Scripps  and  NOAA 
from  declassified  satellite  data  as  a  tangible  example  of  the  success  of  this  ongoing 
partnership. 

There  are  other  areas  where  we  are  working  successfully  with  the  Navy.  This  past 
summer.  Admiral  Boorda  convened  a  CNO  Executive  Board  on  Oceanography  to 
examine  the  role  of  oceanography  for  the  future  of  the  Navy.  The  Board  consisted 
of  members  of  the  academic  community  as  well  as  Admirals  and  Navy  civilians. 
The  Executive  Board  launched  several  initiatives  to  reinvigorate  oceanography's 
support  of  Naval  operations,  including  forming  an  interagency  National 
Oceanographic  Facilities  Council  to  coordinate  the  use  of  the  nation's  oceanography 
assets.   I  believe  that  one  of  the  most  important  recommendations  is  the  Navy's 
commitment  to: 
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'Treserve  a  robust  'at-sea'  research  and  survey  capability,  including  a  Navy 
survey  fleet  of  no  less  than  eight  ships  to  meet  the  critical  data 
requirements  of  the  fleet  commanders. 


FLEET  ISSUES 

The  productivity  of  oceanographic  research,  the  comparative  advemtage  of  our 
navad  defense  forces,  our  understanding  of  climate,  and  ability  to  develop  new 
marine  products  depends  on  the  ability  of  scientists  to  conduct  experiments  at  sea. 
Research  at  sea  provides  an  invaluable  opportunity  to  collect  data  and  make  real- 
time observations.   Most  research  cruises  also  include  graduate  students,  training 
the  future  leaders  in  ocean  science.  While  the  oceanographic  fleet  is  as  large  and 
modem  as  it  has  ever  been,  many  federal  agencies  are  funding  fewer  at-sea  research 
projects.   This  threatens  the  long-term  health  of  the  academic  oceanographic  fleet,  as 
well  as,  the  country's  ability  to  maintain  a  vibrant  research  program  in  the  oceans. 

Scripps  ships  are  part  the  University-National  Oceamographic  Laboratory  System 
(UNOLS)  fleet.  UNOLS,  a  valuable  tool  for  efficiently  distributing  capabilities  and 
sccirce  resources,  is  an  association  of  institutions  that  operate  and  conduct  research 
on  the  academic  fleet.  LTsIOLS  provides  open  access  to  all  vessels  by  federal,  state, 
and  local  research  programs.  "liie  UNOLS  fleet  is  primarily  supported  by  federal 
funding  (attached  please  find  a  summary  of  UNOLS  federal  support).  NSF  provides 
75%  of  the  funding  for  the  UNOLS  operations;  the  remainder  of  the  funding  comes 
from  the  Office  of  Naval  Research  (ONR),  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA),  other  federal  and  state  agencies,  industrial,  institutional, 
foreign,  and  private  support.   UNOLS  institutions  also  make  significant 
contributions  to  the  fleet.   The  University  of  Washington  annually  contributes  45 
ship  days  on  the  Thomas  Thompson.   Scripps  contributes  about  $1.5  million  per 
year  for  ship  support. 

The  UNOLS  fleet  is  completing  an  aggressive  program  of  modeniization.    Plarming 
and  funding  of  this  modemizafion  was  undertaken  cooperatively  by  the  federal 
government  and  academic  community.    An  interagency  group  developed  a 
coherent  plan  for  fleet  modernization  and  retirement  which  decreases  the  number 
of  ships.  The  configuration  and  justification  for  the  current  fleet  were  driven  by  the 
scientific  requirements  and  predicated  upon  funding  agency  projections.  The 
competition  for  the  new  AGOR  was  peer-reviewed  and  supported  by  all  the  relevant 
federal  agencies. 

During  this  period  of  modernization,  the  United  States  Navy  funded  construction 
of  three  Class  I  vessels  and  supported  extensive  modifications  of  two  other  vessels. 
In  total,  the  Navy's  capital  investment  over  this  p>eriod  is  in  excess  of  $150  million. 
The  National  Science  Foundation  also  contributed  sigiuficantly  to  improving  our 
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sea-going  assets  by  acquiring  the  research  vessel  EWING  and  by  supporting 
extensive  mid-life  refits  for  its  three  intermediate  class  vessels.  Cvirrently  (FY95), 
the  NSF  Ocean  Sciences  budget  spends  about  22  cents  of  every  program  dollar  on 
ship  support. 

The  academic  fleet  is  the  most  modem  and  capable  of  any  national  or  international 
oceanographic  fleet  and  the  officers  and  crew  are  highly  professional.  The  larger 
ships  are  all  equipped  with  multi-beam  echo  sounding  systems,  many  of  these  are 
state-of-the  art,  and  the  ships  are  able  to  support  global,  regional,  and  local 
operations  in  all  fields  of  oceanography.  Institutionally  based  ships  are  infused  with 
the  energy  and  innovative  spirit  of  the  scientists  of  that  institution.   The  continuity 
of  crewing  that  is  fostered  at  UNOLS  institutions  brings  a  breadth  of  experience, 
knowledge,  and  professionalism  to  UNOLS  vessels  that  cannot  be  found  in 
commercial  operations.  This  invigorates  the  scientists  and  causes  a  synergistic 
relationship  between  the  crews  and  scientific  parties.  This  relationship  creates  the 
stimulant  for  successful  science  at  sea. 

During  the  1990s,  there  has  been  a  decreased  emphasis  on  Navy  support  of  seagoing 
research.   Because  of  this,  the  Navy's  return  on  its  capital  investment  in  the  fleet- 
new  discoveries  enabled  by  the  research  conducted  on  these  ships— is  in  danger. 
From  FY  93-95,  ONR  averaged  only  $4.0  million  for  operationed  support  of  academic 
oceanographic  platforms.  In  contrast,  twenty-five  years  earlier,  in  1968,  ONR  spent 
$4.1  million.   While  modeling  and  the  use  of  satellite  data  contribute  enormously  to 
our  understanding  of  the  oceans,  these  capabilities  must  be  tied  to  in-situ 
observations.   I  am  heartened  by  the  Navy's  recent  statement  confirming  the 
importance  of  a  robust  "at-sea"  research  and  survey  capability.    I  am  also 
encouraged  by  the  Navy's  projected  increased  use  of  the  UNOLS  fleet  this  year.  I 
urge  you  to  support  this  trend. 

Future  funding  from  the  usual  sources,  primeirily  NSF  and  ONR,  is  not  likely  to 
keep  up  with  the  costs  of  operating  this  fleet.  This  budget  shortfall  could  cause 
serious  disruptions  in  critical  research,  inaease  cost  of  research  on  ships,  and  lead  to 
f)olitical  battles  over  ship  lay-ups.  Federal  support  from  agencies  other  than  the 
NSF  for  UNOLS  vessels  has  dropped  by  20%  in  recent  years.  As  a  partial  solution  to 
the  coming  funding  short-fall,  a  new  national  oceanographic  partnership  could  be 
formed  to  broaden  the  spectrum  of  agencies  within  the  federal  government  that 
actively  support  the  UNOLS  fleet,  particularly  NOAA,  DOE  and  NASA.  Broadening 
the  scope  of  fleet  usage  to  support  the  missioixs  of  these  agencies  will  ensure  the 
future  health  of  the  academic  fleet  and  make  efficient  use  of  its  recent 
modernization.   Agencies  outside  of  NSF  must  be  encouraged  to  work  with  the 
UNOLS  ship  scheduling  process  in  planning  the  use  of  vessels. 

For  example,  currently,  the  bulk  of  NOAA's  oceanographic  research  is  conducted  on 
NOAA  vessels  and,  as  a  result,  their  support  for  academic  sea-going  facilities  has 
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been  weak  (3%  of  the  UNOLS  budget).  In  his  testimony  before  you,  Jim  Baker  stated 
the  willingness  of  NOAA  to  work  cooperatively  with  UNOLS.  I  am  encouraged  by 
his  statement  and  urge  you  to  continue  to  encourage  NOAA  to  use  the  UNOLS  fleet 
for  its  unmet  research  ship  needs,  optimizing  previous  federal  investment  and 
cutting  costs. 

Anotiier  issue  that  threatens  the  academic  fleet  is  the  addition  of  new  ships  without 
a  corresponding  increase  in  support  for  operations  and  maintenance.  The 
impending  shortfall  of  funding  to  support  fleet  operations  would  be  exacerbated 
with  the  addition  of  "unplanned"  ships.  The  size  of  the  academic  fleet  is  decreasing. 
As  a  result,  some  institutions  will  lose  ships.  It  is  very  important  that  new  ships  be 
acquired  only  when  tliere  is  a  funded  research  need.  The  commvmity  must  work 
together  to  ensure  that  capital  construction,  vessel  operations,  and  research 
programs  grow  in  logical  proportion  to  one  another.  We  also  need  your  help  to 
encourage  the  use  of  the  peer  review  system  if  new  ships  are  added  to  the  fleet.  Peer 
review  allocates  resources  where  they  are  likely  to  produce  the  greatest  return  on 
public  investments  and  the  broadest-based  benefits. 

The  academic  research  fleet  faces  many  challenges  in  coming  years.  The  health  of 
oceanography  and  the  growing  integration  of  oceanography  into  global  programs 
requires  that  the  capabilities  be  maintained  and  constantiy  modernized  to  meet  new 
research  challenges.  I  encourage  you  to  play  a  leading  role  in  developing  and 
maintaining  effective  communications  betv/een  ship  operators,  users,  and  the 
government  on  the  many  relevant  issues  associated  with  the  academic  fleet  and 
futvire  research  needs. 


A  NATIONAL  OCEAN  PARTNERSHIP 

New  scientific  opportunities  coupled  with  major  changes  in  organizations 
responsible  for  ocean  monitoring  and  research  demand  that  there  be  more  effective 
communications  between  academia  and  government  on  ocean  priorities.  The  best 
approach  to  ensure  this  coopjeration  is  through  a  carefully  constructed  partnership 
that  takes  advantages  of  the  strengths  of  each  sector.  A  National  Ocean  Partnership 
must  be  develof)ed  and  funded  to  take  advantage  of  modem  opportimities  so  that 
the  futvire  impact  of  climate  change,  tectonics,  and  past  and  future  ocean  and 
riverine  dumping  can  be  gauged  with  greater  certainty.  I  look  forward  to  working 
with  you  on  the  development  and  implementation  of  such  a  partnership. 

Thank  you  for  your  attention.  I  would  be  happy  to  answer  any  questions  you  might 
have. 
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FFDERAL  OCEAN  RESEARCH  FUNDS/FLEET  OPERATIONS  FUNDS 

NSF: 

Ctirrently  (FY95),  the  NSF  Ocean  Sciences  budget  spends  about  22  cents  of  every 
dollar  on  ship  support.  The  total  Ocean  Sciences  budget  (less  the  Ocean  Drilling 
Program)  is  $153  million,  and  $33.9  million  (average  of  FY  93-95)  is  used  for 
op>erational  support  of  oceanographic  facilities.  It  is  likely  that  the  present  balance 
between  science  and  facilities  will  be  maintained.  Any  NSF  support  for  major  new 
facilities  will  require  commensurate  science  support. 

Office  of  Naval  Research  and  other  Navy: 

The  Navy  is  projecting  their  use  of  UNOLS  ships  will  increase  beginning  in  1996. 

Navy  funding  for  academic  oceanographic  facilities  has  fluctuated  widely  over  the 

past  five  years,  ranging  from  $3.1  million  to  $6.4  million  per  year.  In  1995,  ONR 

budgeted  $103  million  for  basic  (6.1)  oceanographic  science  projects  and  they  have 

averaged  $4.9  million  (FY  93-95)  for  operational  support  of  academic  oceanographic 

platforms. 

National  Oceanographic  and  Atmospheric  Administration: 
The  NOAA  budget  for  extramural  ocean  science  programs  (NUKP,  Sea  Grant, 
Cooperative  Research  Institutes,  Coastal  Ocean  Progran\,  Global  Change  Programs) 
in  1995  was  $79  million.  Over  the  past  3  years,  NOAA  support  for  UNOLS 
operations  has  averaged  $2.1  million.   (The  bulk  of  NOAA's  oceanographic  research 
has  been  conducted  on  NOAA  vessels.) 

Environmental  Protection  Agency: 

EPA  spent  $41  million  on  ocean  research  in  1995,  and  $65,000  of  UNOLS  ship  time. 
The  EPA  has  operated  a  small  fleet  of  coastal  vessels;  however,  this  fleet  is  aging 
and  may  not  be  replaced. 

Other  Agencies: 

In  1995,  NASA,  USGS,  MMS,  DoE  and  ARPA  spent  a  combined  total  of  $106  million 
on  ocean  science  programs.  The  programs  spend,  on  average,  less  that  $900,000  on 
the  UNOLS  fleet.  (In  the  past,  the  USGS  operated  two  large  research  vessels.  These 
have  both  been  retired  and  USGS  is  plcinning  to  use  the  UNOLS  fleet.) 
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SATELLITE  DATA  REVEAL  NEW  VIEW  OF 
OCEAN  BOTTOM 


Scientists  at  U.C.  San  Diego's  Scripps  Institution  of  Oceanography  (SIO)  and  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA)  have  used  satellite 
measurements  to  develop  the  most  detailed  picture  to  date  of  the  global  sea  floor. 
The  computerized  image  of  the  sea  floor  opens  new  doors  to  imderwater 
exploration,  including  identifying  previously  unknown  volcanoes,  studying  the 
tectonic  history  of  the  oceans,  and  searching  for  untapped  petrolevun  reserves. 

David  Sandwell,  a  professor  at  SIO's  Institute  of  Geophysics  and  Planetary  Physics, 
and  Walter  Smith  of  NOAA  created  the  new  map  by  combining  newly  declassified 
measurements  from  the  Navy's  Geosat  satellite  with  data  collected  by  a  European 
satellite,  ERS-1.  Scientists  have  been  attempting  to  map  the  Earth's  underwater 
terrain  using  shipboard  sonar  since  the  1920s;  however,  they  were  only  able  to  chart 
about  five  percent  of  the  global  seafloor  from  ships.  Sandwell  estimates  it  would 
take  approximately  125  years  to  chart  the  ocean  basins  using  the  latest  sonar  tools. 

Fortunately,  such  a  costly  undertaking  is  no  longer  necessary  because  scientists  have 
devised  a  new  way  to  explore  the  ocean  bottom  from  space.  Although  satellite 
sensors  are  incapable  of  imaging  the  seafloor  directly,  scientists  can  use  satellites  to 
measure  the  height  of  the  sea  surface  to  fractions  of  an  inch.  The  gravitational 
attraction  generated  by  geological  structures  such  as  mountains  and  valleys  on  the 
seafloor  cause  broad  bumps  and  dips  on  the  sea  surface.  By  analyzing  the  surface 
gravity  fields  such  structures  create,  Sandwell  and  Smith  were  able  to  infer  what  the 
topography  of  the  sea  floor  looks  like.  This  analysis  provides  us  with  the  first 
overall  view  of  70  percent  of  the  Earth's  surface  in  very  fine  detail. 

Sophisticated  satellite  data  on  the  sea  surface  have  only  recently  been  made 
available  to  oceanographers.  The  Geosat  data  began  to  be  declassified  in  response  to 
requests  from  scientists  as  part  of  the  activities  of  the  Environmental  Task  Force 
(ETF).  ETF  and  its  follow-on  effort,  MEDEA,  reviewed  the  feasibility  of  declassifying 
intelligence  and  defense  data  and  systems  for  use  by  scientists  to  address  serious 
global  environmental  problems.   SIO  scientists  look  forward  to  continuing  to  work 
with  the  national  security  community  on  this  effort. 
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SCRIPPS  SCIENTISTS  PREDICT  NEXT  EL  NINO 


The  El  Niflo  of  1982-83  was  devastating  worldwide-torrential  rains  in  California 
destroyed  crops  and  damaged  homes,  drought  in  Australia  fueled  widespread 
wildfires,  tens  of  thousands  of  starved  sea  birds  littered  tropical  islands,  tons  of  dead 
fish  washed  up  along  the  coast  of  Peru.  If  a  Scripps  Institution  of  Oceanography 
experimental  climate  forecast  is  correct,  we  could  be  headed  for  another  El  Nino  in 
the  winter  of  1996-97. 

El  Nifto  is  a  periodic  climatic  condition  that  wamns  the  Pacific  Ocean  surface 
temperatvires  along  a  broad  band  of  the  equator  and  shifts  vdnd  patterns  that  cover  a 
qucirter  of  the  globe.  Among  the  greatest  climatic  events  of  the  century,  the  1982-83 
El  Nifto  wreaked  havoc  around  the  Pacific  Rim,  causing  $13  billion  in  damage. 

Tim  Bamett  leads  a  research  effort  at  Scripps  that  utilizes  global  envirorunental  data 
and  supercomputer  capabilities  to  develop  models  for  forecasting  El  Niftos.  The 
Scripps  model  is  calling  for  a  moderate  to  severe  El  Niflo  for  winter  1996-97. 
According  to  Bamett,  the  Scripps  prediction  is  almost  outside  the  range  of  past 
occurrences,  so  the  magnitude  of  the  El  Niflo  is  uncertain.   'Tf  it  turns  out  to  be  as 
massive  as  the  experimental  model  shows,  it  will  rival  the  global  impacts  of  1982- 
1983,"  he  said.   "But  at  this  time  it  is  premature  to  rely  on  these  rather  astounding 
forecasts,  because  our  models  are  still  really  research  tools." 

Reliable  forecasting  has  developed  in  just  the  past  few  years.  The  major  factor  that 
made  the  difference  was  intensified  data-gathering  in  the  tropical  and  central  Pacific. 
During  the  past  decade,  more  than  a  dozen  countries  invested  in  large-scale  research 
programs  aimed  at  understanding  how  the  ocean  and  atmosphere  interact  to 
produce  El  Niftos. 

This  worldwride  investment  should  have  a  major  pay-off.   The  successful  prediction 
of  seasonal  climate  variations  six  to  12  months  in  advance  could  save  the  U.S. 
billions  of  dollars  in  agriculture,  transportation,  and  energy  industries  alone.   For 
example,  climate  fluctuations  can  change  production  of  the  world's  major  crops  by 
as  much  as  20%  in  any  year.  Furthermore,  significant  savings  to  the  energy  and 
transportation  sectors  can  be  realized  with  advanced  warning  of  freezing  conditions 
in  the  Nation's  waterways.   The  advantage  to  having  an  El  Nifto  forecast  a  year  in 
advance  is  that  people  and  governments  can  consider  alternatives  for  allocating 
resources,  energy  policies,  and  agricultural  planning  that  would  mirumize  the  El 
Nifto's  impact. 
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ACOUSTIC  DAYLIGHT-HOW  TO  "SEE"  IN  THE 

DARK 


Researchers  at  Scripps  Institution  of  Oceanography  led  by  Michael  Buckingham 
have  developed  a  new  imaging  technology  that  allows  them  to  "see"  under  water 
using  naturedly  occurring  sounds.  Called  Acoustic  Daylight,  the  technology  uses  the 
sound  generated  by  bubbles  in  the  ocean.  When  these  bubbles  come  into  contact 
with  an  object,  the  noise  they  produce  changes.  By  analyzing  these  changes,  it  is 
possible  to  create  a  visual  image  of  the  object  and  display  it  on  a  monitor. 

Acoustic  Daylight  pronuses  to  be  useful  for  underwater  navigation  and  salvage,  and, 
because  the  new  technology  is  not  detectable,  it  may  prove  useful  for  defense 
purposes  such  as  detection  of  mines  and  submarines  and  protecting  harbors  and 
moored  ships. 

For  many  years,  the  principal  means  of  probing  the  ocean  using  soimd  has  been 
through  the  use  of  active  or  passive  techniques.  With  an  active  system,  an  object  is 
illuminated  by  a  pulse  of  sound,  such  as  sonar,  and  its  presence  inferred  from  the 
echo  it  produces.   The  passive  approach  involves  listening  to  the  sound  that  an 
object  itself  emits,  such  as  engine  noise. 

"What  we  are  proposing  is  a  new  method  of  employing  sound  in  the  ocean,  which 
is  neither  active  nor  passive,"  Buckingham  said.    "It  relies  on  the  naturally 
occurring  ambient  noise  field  in  the  ocean  as  the  sole  source  of  acoustic 
illumination." 

Noise  in  the  ocean  is  created  by  breaking  surface  waves  that  create  large  numbers  of 
bubbles.  The  bubbles  emit  noise,  and  the  sound  is  dispersed  throughout  the  ocean 
to  great  depths.  The  resulting  sound  is  comparable  to  sunlight,  which  spreads 
evenly  to  all  space  available.  The  presence  of  an  object  in  the  ambient  noise  field 
modifies  the  field  by  scattering  acoustic  energy  in  all  directions.  This  scattered 
radiation  can  be  focused  onto  an  image  plane  by  an  acoustic  lens,  processed  by 
imaging  electronics,  and  displayed  on  a  computer  monitor. 
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IMPROVED  OIL  SPILL  RISK  ASSESSMENT  IN 
THE  SANTA  BARBARA  CHANNEL 


When  an  oil  tanker  carrying  92,000  barrels  of  refined  oil  out  of  San  Frandsco  Bay 
.  caught  fire  and  began  leaking  oil  in  1984,  emergency  crews  towed  the  vessel  offshore 
to  the  south  west  in  an  attempt  to  protect  the  coastline.  Unfortvmately,  the  currents 
reversed  unexpectedly  and  oil  washed  ashore  at  Bodega  Bay.  Research  conducted  at 
Scripps  Institution  of  Oceanography  seeks  to  prevent  a  similar  occurrence. 

A  team  of  Scripps  oceanographers  headed  by  Clinton  Winant  is  studying  the 
currents  in  the  Santa  Barbara  Channel  and  Santa  Maria  Basin  to  develop 
information  that  will  improve  the  management  of  oil  spills  off  the  Southern 
California  coast. 

The  study,  funded  by  the  Minerals  Management  Service  (MMS),  provides  new 
insight  into  how  an  oil  spill  would  spread  under  various  climatic  conditions,  thus 
better  arming  emergency  oil  containment  and  cleanup  officials  to  mitigate  effects  of 
a  spill.   The  study  is  also  aiding  MMS  in  assessing  environmental  risk  of  offshore 
drilling. 

One  of  the  goals  of  the  project  is  to  develop  so-called  "synoptic  views"  of  current 
patterns.  Synoptic  views  are  commonly  used  by  meteorologists  to  identify 
characteristic  conditions  that  trigger  certain  weather  patterns.   While  the  forecasting 
tool  is  widely  used  by  meteorologists,  the  Scripps  project  represents  the  first  time  the 
approach  will  be  applied  to  predicting  ocean  current  patterns. 
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BOTH  SIDES  OF  CLOUDS 


Until  recently,  given  their  ephemeral  existence,  clouds  were  regarded  more  as 
passive  indicators  of  short-term  weather  rather  than  driving  forces  of  long-term 
climate.  Only  now  are  researchers  beginning  to  appreciate  the  degree  to  which 
clouds  determine  how  much  sunlight  the  Earth  accepts  or  rejects  and  how  much 
heat  it  yields  back  to  space.  That  is  what  motivates  researchers  at  the  Scripps 
Institution  of  Oceanography's  C4:  Center  for  Clouds,  Chemistry,  and  Climate.  C4  is 
a  multi-institutional.  National  Science  Foundation  Science  and  Technology  Center, 
that  studies  clouds  with  satellites,  sensors,  and  spy  planes,  trying  to  understand  the 
role  that  clouds  play  in  controlling  climate. 

Although  at  amy  moment  they  can  cover  as  much  as  three-quarters  of  the  Earth, 
clouds  remain  a  mysterious  factor  in  projecting  climate.  They  both  heat  and  cool 
the  planet,  and  it  is  unknown  which  side  of  their  nature  will  prevail  as  the  climate 
changes.  New  research  by  CA  scientists  found  that  clouds  in  the  tropics  trap  about  15 
to  20  times  more  solar  energy  than  previously  believed.  This  is  significant  because 
the  tropics  are  a  major  determinant  of  global  climate  and  atmospheric  and  ocean 
circulation.   This  finding  may  require  major  revisions  of  models  used  to  predict 
global  climate  change. 

C4  scientists  are  also  researching  air  pollution  in  California  and  major  metropolitan 
aieai,  around  the  globe,  such  as  Mexico  City  and  Beijing.  They  are  studying  the  role 
that  sulfur  compounds  and  certain  other  polluting  chemicals  may  play  in  the 
formation  of  clouds.  They  are  also  trying  to  understand  the  affects  of  global 
warming  on  regional  weather  and  climate  in  Califorrda  and  the  Midwest.  If  global 
warming  occurs,  these  areas  are  projected  to  exp>erience  reduced  rairifali  and  warmer 
temperatures,  shifting  agricultural  zones  northward. 
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WEATHER  PREDICTION  TO  IMPROVE 
NATIONAL  SECURITY 


Recently,  researchers  from  Scripps  Institution  of  Oceanography  participated  in  an 
experiment  sponsored  by  the  Office  of  Naval  Research  to  better  understand  the 
interaction  between  oceans,  air,  and  land,  and  the  weather  that  results  from  their 
combination.  The  ultimate  goal,  as  far  as  the  Navy  was  concerned,  was  to  improve 
fleet  operations.   Understanding  the  coastal  environment  is  critical  to  both  national 
security  and  civilicm  commvmities.    More  than  half  of  the  U.S.  population  lives  on 
the  coast  and  a  third  of  our  Gross  National  Product  is  linked  to  the  coastal  zone.  As 
the  population  ir  coastal  states  increases  so  does  the  need  to  improve  the  forecasting 
of  local  weather  and  ocean  conditions.   A  better  understanding  of  coastal 
meteorology  would  be  of  considerable  benefit  to  the  nation.  Cocistal  meteorology 
ciffects  air  pollution  and  disaster  preparedness;  ocean  pollution  and  safeguarding 
near-shore  ecosystems;  off-shore  oi!  exploration  and  drilling;  military  and  merchant 
ship  operations;  and  a  host  of  other  activities  affecting  commerce,  industry, 
transportation,  health,  safety,  recreation,  and  national  defense. 

Coastal  meteorology  is  generally  ignored  by  most  meteorologists  because  it  is  made 
difficult  and  complex  by  the  unique  weather  and  climate  conditions  created  by  the 
diverse  properties  of  land  and  ocean.  The  recent  ONR/SIO  project  is  changing  this 
fact.  SIO  researchers  expanded  the  ONR  project  by  irwtailing  a  network  of 
automated  meteorological  stations  along  the  Big  Sur  coast.  At  each  site,  a  30-foot 
tower,  with  instrum«?nts  that  measure  wind  speed  emd  direction,  air  temperature, 
humidity,  and  pressure,  has  been  built.   Data  is  collected  every  minute,  recorded 
onto  computers,  and'  analyzed.   For  the  first  time,  little-understood  weather  events 
are  being  measured  and  correlated. 

SIO  researchers  are  establishing  a  marine  coastal  observatory  to  provide  a  network 
of  long  term  measurements  to  improve  our  ability  to  foreccist  changes  in  the  coastal 
ocean  and  atmosphere.  The  observatory  will  be  part  of  a  sophisticated  coastal 
monitoring  system  aiid  a  "test-bed"  platform  for  new  technologies  for  global  change 
research.  The  observatory  vnll  allow  the  long  time  series  measurements  which  are 
needed  to  determine  changes  in  the  coasted  ocean  and  to  ameliorate  the  potential 
degradation  of  the  environment  due  to  natural  or  anthropogenic  effects. 
Comprehensive,  real-time  information  on  the  coastal  ocean  and  atmosphere,  from 
these  platforms  and  from  other  sites,  will  be  integrated  arid  made  available  to 
researchers,  planners,  local  regulatoiy  authorities,  and  the  general  public. 
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PHARMA-SEA 


Researchers  at  Scxipps  Institution  of  Oceanography  are  leading  the  way  in  the 
discovery  of  new  pharmaceuticals  from  the  sea.  Therapeutic  drugs  have  been 
isolated  from  a  number  of  marine  invertebrates  and  bacteria,  and  several  products 
are  in  various  stages  of  the  patent  process.    For  example,  the  study  of  squids  has 
shown  how  the  human  nervous  system  works  and  resulted  in  new  drugs  for 
epilepsy.  One  of  the  SIO  researchers.  Bill  Fenical,  states:  'The  land  search  for  new 
antibiotics  has  reached  a  point  of  diminishing  returns."   Terrestrial  sources  alone 
can  no  longer  provide  the  needed  discoveries.  One  reason  why  sea  creatures  are 
good  sources  of  anti-disease  compounds  is  that  they  have  elaborate  chemicail 
arsenals  to  protect  themselves  from  predators. 

Researchers  at  Scripps  are  participating  in  a  cooperative  program  to  develop  new 
anti-cancer  agents  from  marine  resources.   A  recently  isolated  marine  plant  with  a 
remarkable  diversity  of  physiological  and  biochemical  features  is  being  screened  for 
biotechnological  uses.  It  can  grow  in  almost  satvirated  brine  and  produces  beta- 
carotene,  which  may  be  a  potential  anti-ccmcer  agent.  SIO  scientists  also  discovered 
that  antarctic  plants  synthesize  protective  compounds  that  absorb  ultraviolet 
radiation  (UV).   This  may  have  implications  for  preventing  cancers  associated  with 
UV  increases  from  the  depletion  of  the  Earth's  ozone  layer. 

SIO  scientists  have  identified  a  new  compound  that  can  inhibit  the  replication  of 
HTV,  a  virus  which  is  thought  to  cause  AIDS.  The  compoimd  is  produced  by  a 
previously  unknown  species  of  deep  sea  bacteria  taken  from  a  sediment  core  from  a 
depth  of  more  than  1,000  feet  off  the  coast  of  northern  California.  Another  SIO 
scientist  has  discovered  a  chemical  from  a  marine  sponge  that  shows  promise  for 
treating  inflammation  and  pain  without  the  problems  associated  v^th  aspirin  and 
other  anti-inflammatory  drugs. 

Marine  physiological  research  is  also  developing  new  biological  and  medical 
knowledge:  work  with  shark  hearts  provides  a  model  of  pericardial-cardiac 
interactions  and  the  filling  mechanisms  of  the  human  ventricle;  studies  of 
swimming  fish  shed  light  on  the  muscle  fiber  interactions  of  the  systolic  heart- 
research  in  performance  energetics  and  diving  of  marine  mammals  and  birds  has 
greatly  expemded  the  knowledge  of  human  aerobic  scope  and  the  physiological 
consequences  of  pulmonary  disease;  and  investigations  of  the  acid-base  balance  of 
ectotherms  has  revolutionized  approaches  to  hypothermic  surgery  and  to  the 
maintenance  of  organs  for  transplant. 
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A  NEW  OCEANOGRAPHIC  PARTNERSHIP 

Led  by  Walter  Munk,  researchers  at  the  Scripps  Institutiori  of  Oceanography  propose 
a  new  oceanographic  partnership>-the  Joint  Ocean  Climate  Initiative  (JOCI). 

The  ocean  plays  a  profound  role  in  seasonal,  interarmual  and  decadal  climate 
changes.  JOCI  proposes  joint  use  of  acoustic  (subsurface)  and  complementary 
satellite  altimeter  (surface)  measurements.   The  combination  of  the  tomographic, 
jdtimetric  and  other  data  obtained  from  national  and  international  weather  services 
will  permit,  for  the  first  time,  an  estimate  of  the  oceanic  state  virtually  from  week- 
to-week.  Only  with  such  estimates  will  it  be  possible  to  continue  rigorous  testing  of 
models,  to  calculate  the  way  in  which  the  ocean  interacts  with  the  atmosphere,  and 
ultimately  to  forecast  future  climate. 

ONR— The  focus  on  underwater  acoustics  is  critical  to  improving  the  U.S. 
submarine  detection  capability.  Acoustic  coherence  limits,  imposed  by  natural  ocean 
variability,  ultimately  determine  our  ability  to  use  sound  for  underwater 
communication,  navigation  and  submarine  detection. 

NOAA— JOCI  would  be  an  element  of  the  global-scale  observation  system  and  a 
forecasting  effort  using  observations  based  upon  modem  modeling  codes. 

NSF-JOCI  will  focus  on  the  underlying  scientific  issues  and  problems  of  gyre 
dynamics.  This  is  one  of  the  least  understood  aspects  of  ocean  dynamics  owing  to 
the  historical  difficulties  in  obtaining  adequate  observations  of  the  time  variability. 

NASA—Satellite  altimetry  has  emerged  in  the  last  three  years  as  the  central  element 
of  a  true  global  ocean  observing  system.  J(X^I  wil!  exploit  the  NASA  capability  and 
complement  it  with  measurements  and  scientific  activities  required  to  produce  a 
serious  system  directed  at  understanding  the  ocean  and  climate. 

SERDP-Accurate  information  on  hearing  capabilities  of  marine  mammals  and  sea 
turtles,  and  on  the  response  of  marine  mammals  and  other  marine  organisms  to 
man-made  sounds,  is  badly  needed  to  support  formulation  of  rational  policies  for 
the  use  of  sound  in  the  sea. 
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Written  Presentation  to  Joint  Briefing  of  House  Science  Committees 

Dr.  Gary  B.  Griggs 
Director-Institute  of  Marine  Sciences 
University  of  California,  Santa  Cruz 

Subject:  Leveraging  National  Oceanographic  Capabilities 

Like  Jim  Kennett,  I  left  an  undergraduate  Oceanography  class  this  morning,  with  nearly 
200  students;  a  class  I  have  been  teaching  for  27  years.  I  have  now  have  had  over  6000 
students  in  this  course  and  a  similar  number  have  taken  a  companion  course  taught  by 
colleagues;  this  totals  about  12,000  interested  students  over  this  time  period. 
Oceanography  continues  to  be  one  of  our  most  popular  introductory  science  courses 
and  are  students  remain  interested  and  curious  about  this  large  and  somewhat  unknown 
porhon  of  our  planet.  This  class  gives  me  the  opportunity  to  impress  upon  these  young 
people  the  significance  of  the  oceans  to  our  past,  present  and  future. 

The  Oceans  are  truly  immense,  and 

•  cover  71%  of  earth's  surface 

•  include  300  million  cubic  miles  of  water,  97%  of  the  total  on  earth 

•  the  include  the  great  majority  of  the  earth's  habitat,  because  of  their  great 
volum.e,  (ocean  has  an  average  depth  of  2.5  miles), 

•  if  we  leveled  the  earth's  surface,  we  wouldn't  have  any  land,  but  the  entire 
globe  would  be  under  1.5  miles  of  seawater-  we  are  indeed  an  ocean  planet 

Since  1  began  teaching  this  class  in  1969,  the  population  of  California  has  increased  60% 
from  20  to  32  million,  and  most  of  these  new  people  want  to  live  on  the  coast. 
Unfortunately  86%  of  California's  shoreline  is  eroding  which  presents  some  significant 
problems  to  the  state.  If  all  of  us  went  to  the  California  coast  at  the  same  hme,  we 
would  each  have  about  2  inches.  Unfortunately  only  about  25%  of  the  shoreline  is 
accessible  such  that  we  only  have  about  a  half  an  inch  apiece,  and  even  this  has  to  be 
shared  with  visitors  from  other  states  and  countries.  No  wonder  it  feels  crowded.  It  is. 

Meanwhile,  in  this  same  27  year  period,  global  populahon  has  increased  50%  from  4  to 
6  billion,  and  they  all,  at  a  minimum,  need  someplace  to  live,  something  to  eat,  and  some 
energy.  Many  would  like  to  believe  that  the  oceans  can  somehow  provide  for  all  of  tfieir 
needs,  but  this  is  probably  wishful  tfiinking. 

Although  the  oceans  cover  71%  of  the  earth's  surface,  they  provide  only  about  16%  of 
humanity's  food  supplies.  Overfishing  has  had  a  significant  effect  on  global  fish 
populations.  Fish  catches  are  declining  in  13  of  the  world's  oceans'  15  major  fishing 
areas,  and  most  scientists  would  agree  that  tfie  90  million  tons  taken  globally  in  1995  is 
the  peak  and  declining  catches  will  be  the  case  in  the  future.  I  don't  believe  that  there  is 
any  immediate  solution  to  thLs  declining  "renewable"  resource  dilemma. 

The  oceans  at  present  also  provide  about  25%  of  our  oil  and  gas,  very  obvious  here  in 
the  Santa  Barbara  area.  This  is  one  of  the  few  areas  where  private  industry  has  made  a 
major  investment  in  marine  research.  We  need  to  ask  why  has  this  been  the  case?  Why 
hasn't  there  been  more  industry  investment  and  involvement  in  ocean  research?  I  thii{k 
for  the  most  part  this  is  because  most  of  the  private  industry  involved  with  the  ocean  is 
relatively  small  operations  and  simply  are  heavily  into  research. 
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In  1969  we  were  still  theorizing  about  the  history  of  the  ejirth  and  the  ocean.  We  were 
just  beginning  the  Deep  Sea  Drilling  Project  (now  Ocean  Drilling  Program-ODP)  which 
has  been  one  of  the  most  successful  long-term  scientific  research  efforts  in  the  history  of 
man,  a  joint  federal  agency /tmiversity  and  US/intemational  effort  which  has  led  to  our 
present  understanding  of  the  origin  and  development  of  the  earth  and  oceans,  ocean 
circulation  and  climate  change,  the  distribution  of  earthquakes  and  volcanoes,  and  a 
myriad  of  other  important  scientific  discoveries.  Congress  can  take  great  pride  in 
maintaining  this  program  for  over  25  years  which  has  been  an  important  element  in 
establishing  and  maintaining  US  scientific  leadership  in  oceanography. 

At  about  that  time,  we  also  had  the  Santa  Barbara  oil  spill,  a  wake  up  call  to  the 
potential  impacts  of  humem  activity  on  the  oceans  and  our  coastlines,  the  -  3,000,000 
gallons  spilled  was  less  than  a  third  spilled  by  the  Exxon  Valdez  nearly  20  years  later  in 
Alaska. 

Most  of  the  world's  populations,  including  that  of  the  US  lives  on  or  near  the  coastline; 
this  is  where  many  of  the  world's  largest  cities  were  built,  primarily  because  of  access  to 
the  sea  for  transportation.  At  present  80%  of  all  the  world's  conunerce  is  moved  by 
sea.  But  that  adjacent  coastal  ocean  has  also  provided  a  convenient  place  to  dispose  of 
our  wastes,  which  have  grown  in  volume,  and  toxicity. 

The  impacts  of  these  coastal  concentrations  of  people  2md  the  natural  hazards  which 
threaten  or  impact  these  coastal  environments  have  led  to  a  partial  redirection  of  our 
oceanographic  research  to  the  coastal  zone,  but  this  will  have  to  continue  to  an  even 
greater  degree  if  we  are  going  to  continue  to  live  in  any  reasonable  way  in  this  active 
physical  envirorunent.  "fiie  impacts  of  hurricanes  on  the  increasing  populated  Atlantic 
and  Gulf  Coast  Barrier  Islands;  the  potential  impacts  of  large  offshore  earthquakes  and 
their  associated  tsunamis  on  the  coastal  areas  of  the  Pacific  Northwest,  Alaska,  and 
Hawaii;  the  impacts  of  coastal  storms  on  the  densely  populated  beachfront  and  cliffside 
dwellings  in  California;  the  loss  of  wetlimds  and  threats  to  conunercially  important  fish 
and  shellfish;  the  problems  associated  with  maintaiiung  adequate  depths  in  our  harbors 
due  to  the  increasing  concerr\s  and  requirements  regarding  disposal  of  contaminated 
dredge  spoils;  dealing  with  beach  and  shoreline  losses  and  their  impacts  on  tourism; 
water  quality  concerns  from  the  myriad  of  waste  disposed  of  in  the  coastal  zone,  are 
some  of  these  area  of  concern  for  the  coastal  oceans.  These  affect  us  daily  and  will 
continue  to  do  so.  We  need  to  understand  these  threats  and  impacts  so  we  can  make 
the  right  decisions  for  the  future  now.  We  carmot  stop  hurricanes  so  we  better  figure  out 
how  to  reduce  our  future  losses  rather  than  allow  more  people  to  move  to  low-lying 
hurricane  prone  areas. 

The  importance  of  the  oceai\s  to  our  future,  the  resource  challenges  and  potential 
economic  opportunities  the  ocean  provides,  the  quality  of  life  and  nahonal  security 
issues  have  been  discussed  and  itemized  by  national  leaders  at  the  January  25  hearing. 

The  questions  before  us  now,  and  I  mean  us,  are  how  do  we  collectively  refocus  our 
ocean  research  agenda  to  meets  these  obvious  needs,  frame  and  then  answer  the 
questions  we  agree  arc  the  most  important  ones,  work  more  efficiently,  utilize  existing 
and  new  data  more  effectively,  develop  new  techniques  and  instrumentation  to  better 
monitor,  measure  and  understand  this  complex  ocean  world,  and  share  our  nahon's 
collechve  facilities  and  expertise  from  govenunent,  academia,  and  private  industry  to 
make  the  whole  greater  than  the  sum  of  its  parts.  How  do  we  maintain  our  global 
leadership  in  the  understanding,  utilization  and  protection  of  the  oceans? 
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TABLE  1.  MAJOR  MARINE  SCIENCES  FACILITIES  IN  THE  MONTEREY  BAY  REGION 


1.  Institute  of  Marine  Sciences-Long  Marine  Laboratory  (University  of  California,  Santa  Cruz) 

Focus:   Marine  mairunab,  aquatic  toxicology,  continental  margin  tectonics,  coastal  hiazards, 
ocean  processes  and  paleoceanography 
Researchers/graduate  students/staff:  186 
Annual  budget:  $7.5  million 

2.  United  States  Geological  Survey-Branch  of  Pacific  Marine  Geology  (relocating) 

Focus:  Marine  and  coastal  geological  investigations  of  the  continental  margins  of  the 
western  U.S.,  Alaska,  Hawaii  and  trust  territories 
Researchers/staff:  120 
Annual  budget:  $14  million 

3.  California  Dept.  of  Fish  and  Game-Oiled  Wildlife  Rescue  and  Rehabilitation  Facility 

Focus:  Rescue  and  rehabilitation  of  oiled  wildlife  and  aquatic  toxicology  research 
Researchers/staff:  5 
Aruiual  budget:  $500,000 

4-  Moss  Landing  Marine  Laboratories  (California  State  University) 

Focus:  Physical,  chemical,  and  biological  oceanography,  marine  ecology 
Researchers/graduate  students/staff:  140 
Annual  budget:  $6.2  million 

5.  Elkhom  Slough  National  Estuarine  Reserve  and  Elkhom  Slough  Foundation 

Focus'  Ecology,  biology,  estuarine  management  and  restoration 
Researchers/staff:  12 
Budget:  $600,000 

6.  Hopkins  Marine  Station  (Stanford  University) 

Focus:  Marine  invertebrate  biology  and  ecology 
Researchers/graduate  students/staff:  58 
Budget:  $3.2  million 

7.  Monterey  Bay  Aquarium 

Focus:  Public  education  and  marine  research  relevant  to  exhibit  program 
Researchers/staff;  350 
Budget:  $25.8  million 

8.  Monterey  Bay  Aquarium  Research  Institute 

Focus:  Technology-enabled  ocean  science;  deep  sea  geology  and  geochemistry,  biology  and 
microbiology;  upper  ocean  physics  and  biogeochemistry.  Instrument  and  sensor  development 
for  fundamental  ocean  research.  Underwater  vehicle  technologies 
Researchers /staff:  91 
Budget:  $114  million 

9.  Naval  Postgraduate  School 

Focus:  Physical  and  chemical  oceanography  and  meteorology 
Researdiers/graduate  students/staff:  136 
Budget:  $4  million 

10.  Ocean  Applications  Branch  (NOAA) 
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Focus:  Development,  exchetfige,  integration,  and  dissemination  of  oceanographic 
data,  services,  eund  products  in  support  of  NOAA  marine  programs 
Researchers:  10 
Budget:  $800,000 

11.  Pacific  Fisheries  Environmental  Group  (NMFS/NOAA) 

Focus:  Assessment  of  effects  of  natural  environmental  variability  on  living 
marine  resources 
Researchers:  15 
Budget:  $800,000 

12.  Naval  Research  Laboratory,  Marine  Meteorology  Division 

Focus:  Atmospheric  research  and  forecasting 
Researchers/staff:  59 
Budget:  $8  million 

13.  Fleet  Numerical  Meteorology  and  Oceanography  Center  (FNMOO 

Focus:  Provides  jceanographic/atmospheric  service  to  EXDD 
Researchers /staff:  300 
Budget:  $22  million 

14.  National  Weather  Service  Forecast  Office  (NOAA) 

Focus:  Provides  marine  and  terrestrial  weather  information  and  forecasting 

Staff:  45 

Budget:  $2.5  million 

15.  Monterey  Bay  National  Marine  Sanctuary  Office  (NOAA) 

Focus:  Protection  and  mjinagement  of  Monterey  Bay  National  Marine  Sanctuary 
Staff:  5 
Budget:  $600,CiD0 

16.  Monterey  Marine  Resources  Laboratory  (Calif.  Dept  of  Fish  and  Game) 

Focus:  Research  and  managem.ent  of  living  marine  resources 

Staff:  25 

Budget:  $1.25  million 

17.  Marine  Pollution  Studies  Laboratory  (Calif.  Dept  of  Fish  and  Game) 

Focus:  Research  on  effects  of  marine  pollution  on  living  marine  resources 

Staff:  32 

Budget:  $2.6  million 

18.  National  Marine  Fisheries  Service  Laboratory  (NMFS/NOAA) 
Focus:  Pacific  Coast  groundiisheries  research 

Staff:  28 

Budget:  $1.6  million 

TOTALS 

Researchers/staff/graduate  students:  1,617 

Budget:  SH3.3S  million 
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I  understand  that  a  central  purpose  of  these  regional  briefings  is  to  hear  from  some 
different  ocean  communities  as  to  their  perspectives  and  gafiier  input  to  help  Congress 
develop  their  ocean  agenda.  I  want  to  offer  that  perspective  from  the  Monterey  Bay 
ocean  sciences  community. 

Monterey  Bay  is  emerging  as  a  national  center  for  marine  research  and  education  because 
of  1)  the  physical  uniqueness,  biological  diversity  and  relatively  pristine  nature  of  the 
offshore  ocean;  water  5,000  feet  deep  lies  within  a  few  miles  and  a  few  minutes  of  the 
shoreline  and  is  incredibly  rich  biologically,  2)  the  long  history  of  oceanographic  research 
and  reputation  of  the  research  facilities  in  the  area,  3)  the  community  and  political 
support  for  this  kind  of  activity,  and  now  4)  the  nation's  largest  National  Marine 
Sanctuary. 

There  are  now  18  oceanographic  institutions  or  governmental  ocean  agency  facilities 
around  the  margins  of  the  bay  or  planning  on  relocating  here.   These  include  about  1500 
scientists  and  staff  and  a  total  operating  budget  in  excess  of  $100  million  (see  attached 
article  from  SeaTechnology,  May  1995  and  map  and  summary). 

These  include  3  public  and  private  University  marine  iiwtitutes,  several  state  agency 
facilities;  Monterey  Bay  Aquarium,  one  of  the  nation's  finest  aquariums;  Monterey  Bay 
Aquarium  Research  Institute  (MBARI),  perhaps  the  worlds'  premier  research  facility  for 
developing  technology  and  instnimentation  for  sampling,  sensing,  probing  and 
monitoring  the  ocean,  all  possible  because  of  the  insight,  leadership  cind  vision  of  David 
Packard  who  endowed  MBARI.  There  are  also  a  number  of  federal  ocean  facilities;  four 
NOAA  facilities  and  one  preparing  to  relocate  (National  Weather  Service  Office,  - 
Sanctuary  Office,  Ocean  Applications  Branch,  Pacific  Fisheries  Environmental  Group  as 
well  as  a  major  fisheries  lab  planning  on  relocating  to  the  bay),  and  the  Naval 
Postgraduate  School  (NPGS),  Naval  Research  Laboratory,  and  the  Reet  Numerical 
Meteorology  and  Oceanography  Center.  Each  of  these  groups  is  distinct  in  their  mission 
and  research  capabilities,  and  there  is  surprisingly  little  overlap  or  duplicahon. 

Former  Congressman  Leon  Panetta  saw  the  strength  in  this  diverse  collection  of  marine 
facilities  and  worked  to  bring  them  together;  Congressman  Sam  Farr  has  continued  this 
effort  and  also  worked  to  attract  new  facilities  to  this  emerging  center,  now  framed  by 
the  Monterey  Bay  National  Marine  Sanctuary.  As  a  result,  rather  than  competing  for 
research  dollars  and  staking  individual  claims  in  the  offshore  areas,  the  directors 
communicate  regularly,  and  interaction,  collaboration  and  shared  resources  is  becoming 
the  rule.  A  few  examples  from  my  own  ir\sHtution(UCSC-Umversity  of  California,  Santa 
Cruz): 

•  ONR  recently  funded  a  5  year  $4.5  million  collaborative  project  between  NPGS, 
NOAA,  the  MBARI  and  UCSC  to  collect  and  process  ocean  and  meteorological  data 
and  then  develop  the  programs  to  visually  display  offshore  weather  conditior\s  as  they 
develop.  Each  facility  and  their  scientists  and  engineers  bring  uiuque  strengths  to  this 
project  whjch  couldn't  have  been  done  without  all  of  their  individual  efforts. 

•  UCSC  has  just  signed  a  memorandum  of  understanding  with  NPGS  to  allow  exchange 
of  students,  collaboration  in  research  and  public  service/information  supply. 

•  UCSC  has  scientists  with  joint  appointments  at  MBARI  so  their  scientists  can  sponsor 
graduate  students  from  UCSC  and  offer  courses.  In  turn,  our  faculty  can  use  their  ship, 
submersible  and  other  facilities,  and  they  have  helped  to  fund  a  sophisticated  isotope 
geoclaemistry  lab  on  our  campus,  which  they  can  utilize  without  having  to  duplicate  and 
maintain  their  own  facility. 
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•  The  Packard  Foundation  recently  funded  a  $1,000,000  ocean  sciences  and  engineering 
endowment  to  provide  seed  funds  for  UCSC  researchers  to  initiate  new  projects  with 
other  institutions  around  the  bay,  such  as  MBARI. 

•  We  have  a  cooperative  agreement  with  a  small  National  Biological  Service  field  unit 
which  is  located  on  campus  and  is  focused  on  marine  mammals,  primarily  sea  otters  on 
the  west  coast.  They  work  collaboratively  with  our  faculty  and  students  for  cost  sa^/ings 
and  mutual  benefit.  In  exchange  for  office  and  lab  space,  they  teach  occasional  courses 
and  support  student  research. 

•  UCSC  has  developed  a  cooperative  program  with  the  USGS  which  involves  our 
operating  and  sharing  their  research  vessel,  collaboration  and  support  of  graduate 
student  research,  and  a  plan  under  review  to  move  a  group  of  USGS  coastal  scientists  to 
our  marine  laboratory,  on  the  Sanctuary's  rim. 

•  We  have  been  working  for  nearly  5  years  to  relocate  a  key  groundfish  and  salmon 
fisheries  group  from  NMFS  to  our  marine  lab,  although  this  has  been  a  very  complex  and 
difficult  undertaking  in  these  times. 

There  are  important  mutual  benefits  for  federal  agencies  such  as  NBS,  NMFS,  USGS 
and  the  University  of  Califcmia  in  having  collocated  facilihes  and  cooperative 
agreements,  including: 

•  shared  laboratory  facilities,  ships  and  libraries  which  means  significant  cost  savings 
in  not  needing  to  duplicate  facilities 

•  a  cadre  of  bright  and  mohvated  graduate  and  undergraduate  students  available  for 
research  projects  for  these  agencies 

•  opportunities  for  collaborative  and  symbiotic  research. 

I  believe  that  this  is  an  important  direction  we  need  to  move  tovvfards,  to  get  the  federal 
research  programs  out  of  the  large  nahona!  centers  and  into  proximity  and  working  in 
partnerships  with  university  research  groups.  Woods  Hole  and  Scripps  provide  some 
good  examples  of  such  a  successful  collocation. 

This  is  consistent  with  the  mission  of  CORE  and  consistent  with  the  comments  made  by 
Dr.  Bruce  Alberts  of  the  National  Academy  before  you  several  weeks  ago: 

•  Federal  and  academic  researchers  should  improve  the  cooperative  use  of  facilities  and 
the  conduct  of  joint  research. 

•  Each  agency  with  an  ocean  mission  should  establish  permanent  mechanisms  for 
ensuring  outside  scientific  advice,  review  and  interaction. 

•  The  excellent  relationships  of  NSF  and  ONR  with  the  academic  corrununity  must  be 
maintained  and  strengthened. 

•  We  need  stronger  partnerships  between  academic  scientists  and  NOAA,  NASA, 
DOE,  USGS.  and  MMS.  This  would  ensure  us  of  diversity  and  vitality  in  the  national 
oceanographic  effort. 

There  are  some  very  real  advantages  to  the  nation  of  extramural  research  and  agency 
partnerships  with  universities  which  CORE  has  articulated  in  a  recently  Public  Policy 
Position  Paper: 

1.  Because  University  research  funds  are  awarded  through  peer-review,  competition 
ensures  that  the  best  science  is  supported  by  tax  dollars  and  research  duplication  is 
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minimized.  Only  rarely  is  in-house  federal  research  subjected  to  tiie  discipline  of  such 
competition. 

Representative  Weldon  raised  this  issue  with  Dr.  Alberts  in  the  earlier  hearing,  and 
asked  if  earmarking  programs  should  be  replaced  with  con^titive  peer  review?  Dr. 
Alberts  responded  that  if  we  want  the  best  value  for  the  nioney,  we  have  to  op)en  up 
everything  we  can  to  competition.  Its  something  nobody  denies,  its  just  hard  to  get  it 
done.  I  firmly  believe  that  we  need  to  make  that  effort  in  order  to  improve  both  the 
quality  of  our  nation's  ocean  sciences  and  its  research  efficiency  and  effectiveness. 

2.  From  the  CORE  position  paper:  The  costs  of  University  research  or  facilities  to  the 
federal  government  are  borne  only  for  the  duration  of  the  grant  or  contract  supporting 
the  research.  When  the  program  is  concluded,  the  agency  can  move  on  to  a  new  project 
without  having  to  carry  continuing  costs  of  the  federal  staff  that  would  have  been  hired. 

3.  As  an  alternative,  university  research  provides  the  option  for  rapid  changes,  lending 
flexibility  rather  than  inertia  to  changing  priorities. 

4.  Sponsored  research  in  universities  supports  tlie  training  of  the  next  generation  of 
scientists  and  engineers.  Because  peer-review  ensures  that  fimds  are  awarded  to  the  best 
scientists,  the  graduate  students  supported  receive  the  best  traiiung  available. 

5.  Federal  agency  programs  are  typically  driven  by  a  centralized  Washington 
perspective,  one  necessarily  more  narrow  than  regional  needs  would  dictate.  Coastal 
environmental  issues,  for  example,  have  a  strong  regional  cast  that  can  best  be  met  by 
local  universihes. 

6.  For  ail  of  these  reasons,  rescissions  or  budget  reductions  that  fall  most  heavily  on 
extramural  research  are  counter  to  the  needs  of  the  nation  for  innovation  ard  scientific 
leadership  and  to  the  logic  that  demands  reduction  of  the  Federal  bureaucracy. 

lncenti\es  need  to  be  developed  which  move  us  nationally  in  the  direction  of  government 
agency/university  partnerships  such  as  those  we  are  developing  around  Monterey  Bay, 
and  in  increased  extramural  research  support  by  federal  agencies. 

Several  participants  in  the  January  25  hearing  raised  the  issue  of  the  communication  of 
scientific  findings  to  congress  and  the  public.  Congressman  Kennedy  asked  "why  can't 
the  scienhsts  come  up  with  a  way  of  hitting  us  between  the  eyes  on  the  significance  of 
the  oceans  and  survival  of  the  planet?"  I  completely  agree  with  the  need,  and  I  think  the 
simple  answer  is  that  most  scientists,  unfortunately,  aren't  comfortable  with  the  pubUc 
or  polihcal  arenas  and  haven't  historically  seen  this  effort  as  part  of  their  responsibility. 
There  are  others  like  Bob  Ballard  who  are  quite  comfortable  and  see  this  as  part  of  their 
responsibility  and  mission. 

We  need  to  find  avenues,  such  as  this  process,  whereby  the  most  up  to  date  and  most 
accurate  information  from  the  best  scientists  is  requested  and  can  be  put  into  the 
decision  making  process,  whether  it  be  on  global  warming,  limitations  on  fish  catches,  or 
the  state  of  marine  pollution  by  chlorinated  hydrocarbons.  We  all  need  to  know  what  is 
working  and  what  isn't  and  what  examples  and  models  exist  for  getting  the  best  ocean 
science  possible  out  of  our  research  dollars,  how  to  use  our  institutional  resources  more 
cooperatively,  and  most  importantly,  we  need  to  recognize  the  significance  of  the  oceans 
to  our  past,  present  and  future  and  work  to  restore  federal  support  to  marine  research 
to  Its  level  of  15  years  ago. 
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ST  Regional  Report 


Monterey  Bay,  National 
Center  for  Marine  Science 

Uniqueness  of  the  Bay  Area  Attracts  18  Marine  Science 
Agencies/ Programs  with  Budgets  Totaling  $110  Million 


By  Dr.  Gary  B.  Griggs 

Director 

/nstituie  of  Marine  Sciences 

University  of  California/  Santa  Cruz 


One  hundred  years  ago,  Stanford 
Univcrsiiy's  Hopkins  Marine 
Station  set  up  shop  next  to  what  was 
to  become  "Cannery  Row."  John 
Steinbeck's  classic  story  partially  mem- 
orialized the  attraction  between  one 
of  the  first  marine  biologists  on  the 
bay  with  the  productive  and  diverse 
intertidal  zone  of  the  Monterey 
Peninsula. 

Over  the  last  several  decades,  the 
marine  biologists  at  Hopkins  were 
joined  by  the  oceanographers  at  the 
Naval  Postgraduate  School  in  Mon- 
terey and  the  marine  scientists  and 
students  at  Moss  Landing  Marine 
Laboratories  and  the  University  of 
California/ Santa  Cruz.  The  biological 
and  geological  diversity  of  the  bay 
and  the  reputations  of  the  marine 


Monl»r»y  Bay  mtrtn*  $cl»ne*  faelllll»* 
Ineludt:  (»l  S$nla  Crui)  Inttllul*  olMtrint 
Selonea;  Braneti  ot  Pacltle  Marin*  Geol- 
ogy (USaS),  Ollad  Wildlife  Rateua/Raha- 
bllltatlon  Facility,  Marina  Pollution  Slu- 
dl»$  Latxiralory,  and  tha  NMFS  Laboratoiy; 
(at  Moil  Landing)  Mou  Lemdlng  Marina 
Laboralorlat,  E/kftom  Slougl<  National  Et- 
tuartnaRatana,  and  Marina  Pollution  Stu- 
dlat  Laboratory  (alto  at  Santa  Cruz  and 
Montaray);  (at  Monlaray)  Hopklna  Marina 
Station.  Monlaray  Bay  Aquarium,  MBARI, 
Naval  Piatgraduata  Seltool,  NOAA'a 
Ocaana  Application  Brancli,  Pacific  FIth- 
arlaa  Bnnlronmanlal  Group;  NRL's  Marina 
Malrology  OMalon,  FNMOC,  NOAAa  NWS, 
NOAA'a  National MarlnaSanctuaryOHlea, 
Marina  Pollution  Rasourcat  Laboratory, 
ynd  Marine  Pollution  Studlaa  Laboratory 
lao  at  Santa  Cruz  and  Moat  Landing). 


Reprinted  from 
SEA  TECHNOLOGY  magazlM 
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institutions  surrounding  this  remark- 
able stretch  of  coastline  continue  to 
draw  new  scientists  and  programs. 

The  scientific  involvement  with  Mon- 
terey Bay  changed  dramatically  in 
the  early  1 980s  when  computer  pioneer 
David  Packard  set  out  .o  fulfill  a 
dream.  In  1984  the  Monterey  Bay 
Aquarium  opened  and  for  the  first 
time  residents  of  the  bay  communities 
as  well  as  visitors  from  around  the 
world  could  see  first  hand  what  made 
the  bay  so  exciting  to  marine  scien- 
tists. School  children  numbering 
600,000  and  18  million  total  visitors 
have  had  the  opportunity  to  get  a 
glimpse  of  the  divenity  of  life  beneath 
the  waves. 

Packard's  vision  did  not  end  with 
the  aquarium;  with  an  extremely  suc- 
cessful public  education  program  in 
place,  he  returned  to  his  lifelong 
interests  in  technology  and  invention 
and  started  planning  the  Monterey 
Bay  Aquarium  Research  Institute 
(MBARI).  Established  in  1987. 
M  BARI  has  taken  Packard's  successes 
in  the  electronics  and  engineering 
fields,  modified  them  for  salt  water, 
and  put  them  into  the  bay. 

'Impressive  Croup'  of  Researchers 

With  the  new  leadership  of  Director 
Peter  Brewer  and  an  endowed  multi- 
million  dollar  budget,  MBARI  has 
attracted  an  impressive  group  of  scien- 
tists and  engineers  who  are  applying 
space-age  technology  to  marine  sci- 
ences. The  development  of  ROVs 
with  state-of-the-art  video  cameras 
has  enabled  not  only  MBARI  scien- 
tists but  also  colleagues  from  neigh- 
boring institutions  and  aquarium 
visitors  to  observe  the  diverse  inhab- 
itants of  the  bay  and  canyon  in  their 
natural  environment. 

This  is  in  contrast  to  the  typical 


disturbed  and  damaged  state  of  most 
organisms  retrieved  from  deep-water 
samplmg  nets  and  trawls. 

MBARI  has  become  one  of  the 


world's  leading  centers  for  developing 
instrumentation  and  technology  to 
probe,  sample,  and  study  the  ocean 
waters  and  the  seafioor.  MBARland 
U.S.  Geological  Survey  scientists 
V/orking  on  a  joint  project  have  recent- 
ly discovered  deep,  fresh-water  cold 
seeps  on  the  floor  of  the  bay  that  are 
surrounded  by  colonies  of  organisms 
supported  by  chemosynthesis  in  con- 
trast to  the  photosynthesis-based  life 
which  characterizes  the  rest  of  the 
ocean. 

Congressman  Sam  Farr  (D-Cali- 
fornia),  a  lifelong  resident  of  the 
Monterey  Peninsula,  and  former  Con- 

In  uppar  latt  pholo,  a  portion  of  Hopkins 
Marina  Slallon,  tha  oldasl  marina  labora- 
tory on  the  Wast  Coast,  Is  on  tha  right  and 
ona  ot  tha  nawast—tha  Montaray  Bay 
Aquarium — Is  on  tha  latt  At  top  right,  two 
mala  northam  ahphant  saals  alAho  Nuavo 
Island,  Just  north  el  Montaray  Bay,  light 
lor  control  ol  a  harem  ol  lamalas.  Balow, 
surfaca  currant  paltorns  In  Montaray  Bay 
ara  dallnaalad  by  a  cross-bay  radar  sys- 
tem. Tha  composlta  high  altttuda  photo- 
graphic tmaga  cl Montaray  Bay  (taft)  shows 
tha  axtani  and  eonllgurallon  ol  Montaray 
aubmartna  canyon. 
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House  chiel-ol-siarO.  have  also  shared 
a  vision  of  Monterey  Bay  and  the 
central  coast.  Farr  saw  the  potential 
for  the  bay  to  become  a  center  for 
marine  sciences  years  ago  and  has 
worked  relentlessly  to  bring  together 
those  involved  with  the  bay  to  focus 
their  energies  and  deal  with  regional 
issues  and  problems.  He  initiated 
regular  meetings  of  the  directors  of 
the  marine  institutions  surrounding 
the  bay  to  encourage  collaborative 
research  and  cooperative  programs 
that  would  create  a  whole  bigger  than 
the  sum  of  its  parts. 
And  it's  v/orking. 

Converting  Floods  of  Data 

Two  years  ago,  the  Office  of  Naval 
Ressarch  funded  a  five-year  $4.5  mil- 
lion joint  research  project  between 
computer  engineers  at  UC/ Santa  Cruz 
and  scientists  at  MBARI,  the  Naval 
Postgraduate  School,  and  National 
Oceanic  &  Atmospheric  Administra- 
tion (NOAA).  The  focus  of  the  grant 
is  to  convert  the  fiood  of  data  obtained 
from  ships,  satellites,  and  monitoring 
instruments  on  winds,  waves,  tempera- 
tures, and  ocean  currents  to  pictures 
of  marineand  weather  phenomena  in 
the  Monterey  Bayarea  using  computer 
graphics.  Through  this  effort  in  com- 
puter visualization,  these  scientists 
and  engineers  hope  to  better  under- 
stand how  the  ocean  and  atmosphere 
along  the  central  coast  interact  to 
produce  our  varied  weather  conditions. 

There  are  now  18  marine  labora- 
tories or  agency  facilities  either  located 
on  the  margins  of  Monterey  Bay  or  in 
the  process  of  relocating  here.  These 
programs,  employing  more  than  1,600 
scientists,  graduate  students,  and  sup- 
pon  staff,  have  an  annual  budget  in 
excess  of  S 1 10  million.  Some  of  these, 
like  the  Monterey  Bay  Aquarium 
and  Long  Marine  Laboratory  of  LJC/ 
Santa  Cruz  are  well  known  and  visited 
by  the  public  daily.  Others,  such  as 
the  Naval  Research  Laboratory(NRL) 
or  the  Fleet  Numerical  Meteorology 
&  Oceanography  Center  (FNMOC) 
are  important  national  facilities  in- 
volved in  global  research  and  monitor- 
ing programs  but  not  well  known  by 
the  general  public.  Collectively,  these 
laboratories  and  research  centers  con- 
stitute perhaps  the  highest  concentra- 
tion of  marine  scientists  per  mile  of 
shoreline  of  any  place  in  the  world. 
Additional  research  groups  have  ex- 
pressed interest  in  relocating  here. 

Monterey  Bay's  characteristics  stem 


of  oceanic  circulation  and  the  dramatic 
contours  of  its  seafloor,  including 
one  of  the  world's  largest  submarine 
canyons.  Straddling  subtropical  and 
temperate  climatic  zones,  Monterey 
Bay  experiences  great  variation  arising 
from  changes  in  winds  and  adjacent 
ocean  currents. 

From  Febrtiary  to  September,  north- 
west winds  combined  with  the  Coriolis 
effect  push  coastal  surface  waters 
offshore  and  nutrient-laden  deep  water 
flows  to  the  surface  on  an  episodic 
basis.  After  winds  die  down  in  the 
fall,  upwellingdecreasesand  biological 
productivity  declines.  In  winter,  the 
nonh-flowing  Davidson  Current  pro- 
vides a  partial  warming  influence  and 
significant  upweiling  doesn't  begin 
anew  until  February  when  the  winds 
shift  again. 

The  intense  biological  productivity 
from  seasonal  upweiling  is  combined 
with  the  intersection  of  subtropical 
and  temperate  conditions  to  produce 
an  ecosystem  that  is  more  complex 
than  either  condition  alone.  This 
combination  of  factors  produces  one 
of  the  richest  marine  faunas  and  flo- 
ras in  the  world. 

The  West  Coast  of  North  America 
is  famous  for  its  diverse  marine  flora, 
and  80  percent  of  the  seaweed  occurr- 
ing between  Puget  Sound  and  South- 
ern California  can  be  found  in  the 
vicinity  of  Monterey  Bay.  The  diverse 
habitats  include  the  mudflats  of  Elk- 
horn  Slough,  the  kelp  forests  of  the 
Monterey  Peninsula,  the  depths  of 
Monterey  Canyon  with  its  cold  seeps, 
the  invenebrate-rich  intertidal  reefs 
at  both  ends  of  the  bay,  and  the  clean 
sand  bay  beaches.  These  habitats 
support  countless  invertebrates,  a  di- 
verse group  of  marine  mamma's  (26 
species — the  greatest  species  diversity 
of  marine  mammals  of  any  area  in 
the  northern  hemisphere),  and  94 
species  of  seabirds. 

As  the  research  and  education  value 
of  Monterey  Bay  and  the  surrounding 
waters  have  become  more  apparent, 
the  threats  and  impacts  of  human 
activity  have  also  been  recognized. 

In  October  1992,  recognition  of 
this  unique  stretch  of  coastline  was 
achieved  when  the  Monterey  Bay 
National  Marine  Sanctuary  was  dedi- 
cated. The  nation's  largest  and  the 
world's  second  largest  sanctuary  en- 
compasses 5,300  square  miles  of 
coastal  water  and  seafloor.  This  desig- 
nation provides  permanent  protection 
for  one-fourth  of  the  entire  Cali- 


luiiiia  coast  and  also  preserves  the 
natural  resources  for  generations  to 
come. 

The  marine  laboratories  and  state 
and  federal  agency  programs  located 
on  the  bay  margins  or  planning  to 
relocate  here  focus  their  research  on 
a  wide  range  of  research  topics  impor- 
tant both  to  the  residents  of  the 
communities  around  Monterey  Bay 
and  to  the  nation  and  world.  A  sum- 
mary of  these  programs  was  pre- 
pared in  June  1 992  by  NOAA's  Office 
of  Strategic  Planning  ( The  Monterey 
Bay  Connection:  A  Prospectus  for 
Scientific  Excellence  in  the  i990s)  in 
response  to  a  request  by  Dr.  John 
Knauss,  then  undersecretary  of  com- 
merce for  oceans  &  atmosphere,  and 
forms  the  basis  for  the  following 
summary. 
Marine  Science  Agencies,  Programs 

The  Institute  of  Marine  Sciences, 
UC/  Santa  Cruz,  an  organized  research 
unit  within  the  university  with  25 
affiliated  faculty  members  from  five 
academic  departments  as  well  as  20 
to  25  researchers,  focuses  on  marine 
mammals,  aquatic  toxicology,  conti- 
nental margin  tectonic.";,  coastal  haz- 
ards, ocean  processes,  :.nd  paleocea- 
nography.  Total  staff  including  grad- 
uate students  numbers  1 86.  The  annual 
budget  is  about  $7.5  million.  Besides 
a  new,  on-campus  Earth  and  Marine 
Sciences  building,  it  operates  the 
Long  Marine  Laboratory  on  the  north- 
em  edge  of  Monterey  Bay.  Long 
Marine  Lab  supports  research  in 
marine  vertebrate  biology,  environ- 
mental toxicology,  and  near-shore 
ecology/ invertebrate  marine  biology 
/  molecular  marine  biology  plus  a  pub- 
lic education  program.  On-campus 
efforts  include  marine  geology  and 
geophysics,  ocean  processes  and  pale- 
oceanography,  and  coa.ual  processes 
and  hazards  research. 

The  Branch  of  Pacific  Marine  Geo- 
logy (BPMG.l  (to  be  co-located  at  the 
Long  Marine  Laboratory  by  mid- 
1997)  is  the  branch  of  the  U.S.  Geolog- 
ical Survey  that  conducts  marine 
geological,  geophysical,  and  geochem- 
ical  studies  of  seafloor  regions  in  the 
Pacific  and  Arctic  basins  and  their 
margins  (western  United  States,  Alas- 
ka, Hawaii,  and  the  Trust  Territories) 
under  the  auspices  of  the  Marineand 
Coastal  Geology  Program.  The  pro- 
gram is  focused  on  environmental 
quality  and  preser\'ation,  geologic 
hazards,  seafioor  resources,  and  public 
information.  The  USGS  marine  pro- 
gram is  currently  expanding  its  capa- 
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bility  to  provide  timely  and  relevant 
information  to  collaborators,  policy 
maken,  and  the  general  public  through 
increased  emphasis  on  information 
dispersal.  It  has  a  staff  140  and  an 
annual  budget  of  about  $  14  million. 

The  emphasis  of  research  program 
efforts  will  be  on  the  components 
that  will  benefit  most  from  the  en- 
hanced collaboration  opportunities 
with  researchers  at  UC/ Santa  Cruz 
and  elsewhere  in  the  Monterey  Bay 
area.  Major  research  topics  are  ex- 
pected to  include  the  Monterey  Bay 
National  Marine  Sanctuary  and  ad- 
joining regions:  neotectonics,  deforma- 
tion, and  associated  geologic  hazards 
of  central  California;  and  coastal  and 
seafloor  erosion  and  sediment  and 
contaminant  transport. 

Oiled  Wildlife  Rescue  and  Rehabili- 
tation Facility,  California  Department 
of  Fish  and  Game.  In  1 99 1,  the  Office 
of  Oil  Spill  Prevention  and  Response 
was  created  within  the  Department 
of  Fish  and  Game  to  respond  to  and 
prevent  oil  spills  in  California's  coastal 
waters.  The  program  was  required  to 
plan  and  construct  a  response/  rehabil- 
itation facility  to  rescue  and  rehabili- 
tate marine  mammals  and  birds  (prin- 
cipally the  endangered  California  sea 
otter)  in  the  event  of  a  large  spill  on 
the  central  coast.  This  facility  has 
been  designed  and  will  be  constructed 
in  1995/1996  at  the  University  of 
California's  Long  Marine  Laboratory. 
The  facility  plans  include  laboratories 
and  outdoor  tanks  to  provide  a  com- 
prehensive response  system  for  clean- 
ing and  rehabilitating  oiled  sea  otters 
and  marine  birds.  During  non-oil 
spill  periods,  the  laboratories  and 
mammal  pools  will  be  used  for  joint 
University  of  Calii'ornia/ state  marine 
to.xicology  research.  It  has  a  staff  of 
five  and  an  annual  hudget  of  about 
5500,000. 

Moss  Landing  Marine  Laboratories 
was  established  in  1966  as  a  marine 
research  and  educational  facility  oper- 
ated by  a  consortium  of  six  campuses 
of  the  California  State  University 
System.  Course  work  is  o,''fered  to 
qualified  upper  division  undergrad- 
uate and  graduate  students  in  the 
marine  areas  of  ecology,  ichthyology, 
birds  and  mammals,  invertebrates, 
phycology,  and  physical,  chemical, 
biological,  and  geological  oceanog- 
raphy with  extensive  field  and  labora- 
tory experience.  Faculty  and  student 
research  is  incorporated  within  the 
marine  areas  of  habitat,  geology, 
physical  oceanography,  biology  and 


chemistry,  pollution,  and  ecology. 
Researchers,  graduate  students,  and 
staff  number  about  140.  The  annual 
budget  is  about  S6.2  million. 

The  Elkhorn  Slough  National  Es- 
tuarine  Research  Reserve  program 
provides  information  and  models  on 
how  to  best  manage  the  nation's  es- 
tuaries. It  focuses  on  ecology,  biology, 
estuarine  management,  and  restora- 
tion. The  1,400-acre  Elkhorn  Slough 
National  Marine  Reserve,  the  first 
established  in  California  (1978)  is 
now  one  of  22  nationwide.  The  reserve 
and  the  non-profit  Elkhorn  Slough 
Foundation  at  Moss  Landing  help  to 
protect  and  manage  one  of  the  few 
relatively  undisturbed  coastal  wet- 
lands remaining  in  California.  Main- 
taining strong  ties  with  local  scientists, 
the  staff  of  1 2  with  a  budget  of  about 
$600,000  provides  research  opportuni- 
ties for  students  and  interns  from 
other  institutions. 

Hopkins  Marine  Station,  establish- 
ed in  1891,  is  the  oldest  marine  sta- 
tion on  the  West  Coast  and  second 
oldest  in  the  nation.  A  teaching  and 
research  facility,  it  functions  as  a 
branchoft.he  Department  of  Biologi- 
cal Sciences  of  Stanford  University. 
The  focus  of  research  and  teaching  is 
on  the  biology  of  marine  organisms, 
specifically  the  interactions  between 
organisms  and  their  environment, 
with  an  increasing  emphasis  on  mole- 
cular marine  biology.  Students  may 
work  towards  master's  or  doctorate 
degrees  in  a  multitude  of  specializa- 
tions. The  staff  including  researchers 
and  graduate  students  number  58. 
The  annual  budget  is  about  S3. 2 
million. 

The  Monterey  Bay  Aquarium  at- 
tracts well  over  a  million  and  a  half 
visitors  annually.  The  mission  of  its 
research  division  is  to  contribute  to 
the  knowledge  of  the  biology  and 
husbandry  of  Monterey  Bay's  orga- 
nisms through  a  program  of  basic 
and  applied  research  especially  in 
regard  to  organisms  relevant  to  the 
aquarium's  exhibit  program.  The  ex- 
hibit program  includes  biology  and 
social  organization  of  the  California 
sea  otter  and  biology  of  deep-sea  and 
open  ocean  organisms.  It  promotes 
interactions  with  neighboring  aca- 
demic and  scientific  institutions  and 
provides  research  opportunities  for 
visiting  investigators.  The  aquarium 
has  a  staff  including  researchen  of 
350  and  about  a  S25. 8  million  annual 
budget. 
Monterey  Bay  Aquarium  Research 


Institute  focuses  on  technology  en- 
abled ocean  science,  deep-sea  geology 
and  geochemistry,  biology  and  micro- 
biology, upper  ocean  physics  and 
biogeochemistry,  instrument  and  sen- 
sor development,  and  underwater  ve- 
hicle technologies.  MBARI's  ROV 
Ventana  and  support  ship  R/  V  Point 
Lobos  were  core  elements  in  leading 
to  exceptional  deep-ocean  observing 
and  experimental  capabilities  and 
important  advances  in  telemetry  and 
systems  development.  (M  BA  R!  trans- 
mits live  broadcasts  from  the  RO'v'  to 
the  Monterey  Bay  Aquarium.)  Re- 
search activities  include  advances  in 
buoy  technology  through  development 
of  controllers  and  sensors,  undersea 
robotics,  chemical  micro-sensor  tech- 
nology for  long-term  acquisition  of 
chemical  signals,  and  advanced  scien- 
tific information  management. 

MBARI  has  under  construction 
an  advanced,  ocean-capable  SWATH 
(small  watcrplane  area  twin  hull)  ves- 
sel with  24  berths.  The  ship  will  sup- 
port an  advanced  4,000-meter-capable 
ROV.  Also  laboratory  construction 
in  Moss  Landing  will  be  complete  in 
1995. 

It  established  post-doctoral  fellow- 
ship as  well  as  collaborative  research 
p.''ograms  in  science  and  engineering. 

Principal  suppon  of  MBARI  is 
from  the  David  and  Lucile  Packard 
Foundation.  Total  staff  numbers  91 
and  the  annua!  budget  is  about  SI  1.4 
million. 

The  departments  of  oceanography 
and  meteorology  of  the  Naval  Post- 
graduate School  (Monterey)  provide 
master's  and  doctorate  degrees  for 
military  officers — more  than  4,000 
postgraduate  degrees  since  the  estab- 
lishment of  these  programs  in  1968 
and  1946,  respectively.  The  overall 
research  goal  of  the  Department  of 
Oceanography — improving  ocean  pre- 
diction— is  pursued  through  four  sub- 
ject areas:  acoustical  oceanography, 
coastal  and  near-shore  oceanography, 
ocean  modeling,  and  air/sea  inter- 
action. Meteorology  research  at  the 
school  is  focused  on  numerical  weather 
prediction,  geophysical  fluid  dynam- 
ics, analysis  of  atmospheric  systems, 
tropical  meteorology,  boundary  layer 
meteorology,  and  remote  sensing. 
There  are  136  researchers,  graduate 
students,  and  staff.  The  annual  budget 
is  about  S4  million. 

NOAA's  Ocean  Applications  Branch 
of  the  National  Ocean  Service  was 
established  at  Monterey  in  1985  as  a 
national  center  for  the  development. 
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exchange,  integration,  and  dissemina- 
tion of  oceanographic  products  and 
services  in  support  of  NOAA's  high 
priority  marine  programs.  The  branch 
also  serves  as  a  center  for  coordination 
and  collaboration  between  NOAA 
and  other  marine  agencies,  programs, 
and  institutions.  It  focuses  on  ocean 
data  management,  ocean  modeling, 
and  ocean  research.  Highest  priority 
has  been  directed  towards  the  develop- 
ment ofa  system  for  providing  direct 
access  to  marine  data  by  a  wide  var- 
iety of  users.  The  branch  has  10 
researchers  and  a  budget  of  $800,000. 

NOAA's  Pacific  Fisheries  Environ- 
mental Group  (PFEG),  established  in 
1969,  is  the  only  laboratory  in  the 
National  Marine  Fisheries  Service 
(NMFS)  that  focuses  on  comprehen- 
sive assessment  and  understanding  of 
the  fundamental  effects  of  natural  envi- 
ronmental variability  on  living  marine 
resources.  This  group  concentrates  on 
undersunding  how  commercial  fish 
populations  are  affected  by  natural 
environmental  variations  interacting 
with  human  activity.  The  principal 
research  areas  include  the  development 
of  environmenwl  index  time  series, 
diagnostic  studies  of  marine  environ- 
mental anomalies  such  as  El  Niiio, 
identincation  of  environmental/ biolog- 
ical causa!  linkages,  interregional  com- 
parative studies,  and  development  of 
environmenul-dependent  fishery  model- 
ing methodology.  Given  the  large  spa- 
tial and  temporal  scales  studied,  PFEG 
collaborates  extensively  with  scientists 
from  several  nations.  PFEG  has  15 
researchers  and  a  budget  of  $800,000. 

NRL's  Marine  .Meteorology  Divi- 
sion (M.MO)  is  a  comprehensive  at- 
mospheric research  organization  with 
primary  focus  on  global  to  mesoscale 
weather  prediction  The  goals  of  the 
MMD  are  to  improve  the  quality  of 
forecasting  techniques  and  the  pro- 
ducts available,  to  increase  the  Navy's 
knowledge  of  its  operational  environ- 
ment, to  develop  techniques  for  assess- 
ing the  effects  of  atmospheric  condi- 
tions on  ships  and  air  platforms,  and 
on  shipboard,  airborne,  and  land- 
based  naval  communications,  sensors, 
and  weapon  systems.  The  goal  is  also 
to  improve  techniques  for  the  process- 
ing, display,  and  utilization  of  environ- 
mental satellite  data  in  support  of 
fleet  operations.  MMD  has  a  research 
staffcf  S9anda  budget  of  $8  million. 

Fleet  Numerical  Meteorology  and 
Oceanography  Center  is  the  Navy's 
primary  real-time  numerical  predic- 
tion center  processing  regional  and 


global-scale  oceanographic/ atmos- 
pheric models  and  applied  products. 
FNMOC  will  soon  bethe  Department 
of  Defense's  numerical  prediction 
center.  Operating  24  hours  a  day,  365 
days  a  year,  FNMOC  provides  data 
to  the  Navy  and  oceanographic  a.uist- 
ance  to  DoD.  Through  various  inter- 
governmental agreements,  FNMOC 
also  serves  other  organizations  and 
interests.  It  maintains  one  of  the 
world's  most  complete  global,  real- 
time databases  of  conventional  and 
remotely  sensed  oceanographic  and 
atmospheric  observations.  Some  key 
products  include: 

•  Global  and  regional  atmospheric 
analyses  and  forecasts  of  meteorolog- 
ical parameters 

•  Global  and  regional  ocean  anal- 
yses and  predictions  of  surface  and 
subsurface  temperature  fields,  fronts 
and  eddies,  ocean  circulation,  sea 
states,  and  ice  coverage 

•  Optimum  aircraft  path  and  ship 
track  routing 

•  Search  and  rescue  forecasts. 
FNMOChasastaff  of  300and  an 

annual  budget  of  about  $22  million. 

NOAA's  National  Weather  Service 
Weather  Forecast  Office  (WFO)  re- 
cently relocated  to  Monterey  to  pro- 
vide comprehensive  public  weather 
and  flood  warning  and  forecast  ser- 
vices for  a  150-mile  radius  area  cen- 
tered on  Monterey  Bay.  NOAA's 
WFO  provides  watches  and  warnings 
for  the  general  public  for  severe  local 
storms  and  floods,  local  aviation 
watches  and  warnings,  terminal  fore- 
casts and  domestic  aviation  enroute 
forecasts,  and  marine  warnings  and 
forecasts  for  coastal  areas.  FWO  has 
a  staff  of  45  and  an  annua!  budget  of 
about  $2.5  million. 

Monterey  Bay  National  Marine 
Sanctuary  OfTice.  In  October  1992, 
the  Monterey  Bay  National  Marine 
Sanctuary  was  dedicated.  It  is  the 
nation's  largest  at  5,300  square  miles 
and  extends  from  San  Francisco  Bay 
south  to  Cambria.  The  sanctuary 
program's  goal  is  to  provide  an  inte- 
grated program  of  resource  protection, 
research,  and  education  to  assist  in 
the  long-term  management.  Resource 
protection  efforts  involve  cooperation 
with  other  federal,  state,  and  local 
agencies  in  formulating  germane  pol- 
icies and  procedures.  To  that  end,  a 
broadly  based  Sanctuary  Advisory 
Council  has  recently  been  established. 
AKo.  an  education  program  has  also 
been  developed  which  is  directed 
towards  improving  public  awareness 


of  the  sanctuary's  resources  and  their 
wise  use.  Additionally,  a  research 
plan  has  been  developed  that  focuses 
on  enhancing  the  knowledge  of  sanct- 
uary resources  so  that  improved  man- 
agement decisions  can  be  made.  The 
santuary  office  has  a  staff  of  five  and 
an  annual  budget  of  about  $600,000. 
Monterey  Marine  Resources  Lab- 
oratory of  the  California  Department 
of  Fish  and  Game  has  conducted 
marine  research  and  management 
activities  in  the  Monterey  Bay  area 
since  the  1930s.  The  mission  of  the 
laboratory  is  todocument  and  manage 
the  living  marine  resoures  and  the 
habitats  on  which  they  depend  for 
their  ecological  value  and  foe  their 
use  and  enjoyment  by  the  public. 
Objectives  include: 

•  Continued  existence  of  all  marine 
species 

•  Recognition  ofthe  aesthetic,  edu- 
cational, scientific,  and  non-extractive 
uses  of  the  area's  living  marine  re- 
sources 

•  Protection  of  these  resources  from 
the  effects  of  pollution  and  other 
human  activity 

•  Management  of  marine  fisheries 
including  reasonable  sport  fisheries 
and  local  commercial  fisheries  and 
marine  aquaculture  in  a  manner  con- 
sistent with  other  objectives. 

These  objectives  are  carried  out 
through  a  program  of  monitoring  of 
fisheries;  documenting  the  "^lake"  of 
target  and  non-target  fish,  seabirds, 
and  mammals  in  nets;  monitoring  of 
sea  otter  populations;  and  provision 
of  information  for  enforcement  of 
pollution  control  sections  ofthe  Fish 
and  Game  Code.  It  has  a  staff  of  25 
and  an  annual  budget  of  about  $1.25 
million. 

Marine  Pollution  Studies  Labora- 
tory (MPSL)  of  the  California  Depart- 
ment of  Fish  and  Game  is  the  state's 
major  facility  for  researching  the 
effects  of  pollutants  on  living  marine 
resources  and  commercial  and  sport 
fisheries.  This  program  is  spread  over 
four  sites  in  the  Monterey  Bay  area, 
each  focused  on  different  aspects  of 
pollution: 

•  Institute  of  Marine  Sciences — 
evaluation  of  biochemical  toxicology 
of  marine  organisms  including  the 
detoxification  and  intoxication  mech- 
anisms of  oil  spill  dispersanis  and 
other  pollutants  (organochlorine  pest- 
icides) 

•  Long  Marine  Laboratory — or- 
ganic chemical  concentrations  in  ma- 
rine biomonitoring  organisms,  sedi- 
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potential  impaas  on  marine  organisms 
for  both  toxicity  testing  and  marine 
pollution  monitoring 

•  Moss  Landing  Marine  Labora- 
tories— analysis  and  monitoring  of 
contaminants  in  biomonitoring  orga- 
nismsandsediments(California  Mus- 
sel Watch)  and  assessment  and  cleanup 
of  contaminated  sediments  in  bays 
and  harbors 

•  Granite  Canyon— cUecis  of  mu- 
nicipal and  industrial  waste  discharge 
and  contaminated  sediments  of  kelp, 
fish,  mollusks,  and  crustaceans  with 
the  goal  of  establishing  enforcement 
standards  and  criteria  for  state  and 
federal  water  regulations.  Developing 
methods  and  conducting  marine  toxic- 
ity tests  of  oil  dispersants  for  establish- 
ing criteria  and  standards  of  licensing 
of  oil-spill  clean-up  products. 

MPSL  has  a  staff  of  32  and  an 
annual  budget  of  about  S2.6  million. 

National  Marine  Fisheries  Service's 
Southwest  Fisheries  Center,  one  of 
four  regional  research  centers,  is  re- 
sponsible for  biological  and  envir- 
onmental research  in  laboratories  in 
Honolulu  (Hawaii).  La  Jolla,  Mon- 
terey, and  Tiburon  (all  in  California). 
(The  Tiburon  Lab  is  planning  to  rel- 
ocate to  the  Long  Marine  Lab  site.) 
Specific  objectives  of  the  research 
program  dealing  with  recreational 
and  commercial  fisheries  include: 

•  Provide  technical  information 
needed  by  the  Pacific  Fishery  Man- 
agement Council  to  manage  ground- 
fish 

•  Develop  the  biological  under- 
standing of  fish  community  dynam- 
ics necessary  for  multispecies  man- 
agement models  of  Pacific  Coast 
groundfish 

•  Understanding  the  functional  re- 
lationship between  fishes  and  their 
host  environments  such  that  the  in- 
herent and  environmental  factors  that 
influence  fish  population  production 
and  persistence  can  be  identified, 
described,  and  predicted 

•  Increase  the  productivity  of  Cali- 
fornia fishenes  by  promoting  the  use 
of  under-utilized  resources  and  in- 
creasing the  efficiency  of  existing 
harvesting  and  processing  methods. 

The  staff  numbers  28  and  its  annual 
budget  is  about  SI. 6  million. 


the  programs  and  reputations  of  those 
marine  institutions  surrounding  the 
bay  continue  to  attract  new  agencies 
and  programs.  The  diversity  of  pro- 
grams, institutions,  and  scientists 
located  on  the  bay  margins  is  proba- 
bly unique  in  the  world.  In  response 
to  the  global  environmental  issues,  as 
well  as  state  and  federal  research 
initiatives  and  directives  of  the  1990s, 
the  diversity  has  led  to  expanded 
interaction  and  collaboration.  The 
combination  of  government  agency 
programs  and  educational/ research 
institutions  in  close  proximity  has 
encouraged  cooperative  research  ef- 
forts and  collaboration  that  are  in- 
creasing and  proving  to  be  mutually 
beneficial.  Such  interactions,  as  well 
as  shared  personnel,  facilities,  labor- 
atories, and  research  vessels,  enables 
more  economical  operations.  The  pro- 
gram directors  and  their  scientists  are 
showing  that  cooperation  and  col- 
laboration rather  than  competition 
are  the  hallmarks  of  the  region's  suc- 
cessful efforts.  The  future  of  marine 
researchandeducationaround  Mon- 
terey Bay  looks  very  bright,  mi 


Dr.  Gary  B.  Griggs, 
a  professor  of  Earth 
Sciences  at  VCj 
Santa  Cruz  for  26 
years,  has  served  as 
chairman  of  the  de- 
partment. His  re- 
search and  teaching 
included  geological  hazards,  coastal  pro- 
cesses, and  coastal  engineering  and  most 
recently  on  coastal  hazards  and  land-use 
planning,  shoreline  erosion,  and  coastal 
protection  structures.  For  IS  years  Griggs 
was  geological  advisor  to  Santa  Cruz 
County  and  has  consulted  widely.  He  has 
published  95  articles  and  four  books. 


An  Emerging  National  Center 

Monterey  Bay  is  emerging  as  a 
national  center  for  marine  and  envir- 
onmental research  by  virtue  of  the 
unique  character  of  the  bay,  its  topo- 
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Congressional  Bnefing  on  Oceanography 

Santa  Barbara,  California 

February  12,  1996 

Comments  by  Curtis  A.  Collins,  Professor  of  Oceanography,  Naval  Postgraduate  School, 

Monterey,  California 


Congressmen,  Ladies  and  Gentlemen: 

I  begin  by  noting  that  these  remarks  are  my  own  observations  and  opinions  and 
should  not  be  construed  as  represenlmg  either  the  official  view  of  the  US  Navy  nor  those 
of  the  Supenntendent  and  Academic  Dean  of  the  Naval  Postgraduate  School.  1  will  focus 
my  remarks  on  the  themes  of  federal,  stale  and  industnal  consortia,  and  ways  in  which  I 
feel  the  US  Navy  and  the  Naval  Postgraduate  School  can  take  advantage  of  such 
anangemenLs. 

1.   Educational  Consortia  for  Monterey  Bay  Area.  In  ocean  sciences,  the 
academic  and  research  institutions  in  the  Monterey  Bay  area  have  developed  complementary 
programs  in  different  subdisciplines.  For  example,  the  Naval  Postgraduate  School 
specializes  in  Physical  and  Acoustical  Oceanography  while  Moss  Landing  Marine 
Laboratones  (MLML)  (part  of  the  California  State  University  system)  specializes  in 
Biological  and  Chemical  Oceanography.  The  institutions  in  the  Monterey  Bay  area 
(University  of  California,  Santa  Cruz  (UCSC),  Hopkins  Marine  Station  of  Stanford 
Uni\ersity,  MLML,  and  Monterey  Bay  Research  Institute  (MBARI))  are  in  the  process  of 
forming  an  educational  consortium.  For  example,  arrangements  for  students  at  UCSC  to 
take  classes  at  NPS,  and  vice-versa,  have  been  completed.  This  consortia  will  allow 
students  and  faculty  to  take  advantage  of  academic  expertise  and  facilities  at  existing 
campuses  so  that  laboratones  and  classes  need  not  be  duplicated.  I  believe  that  this 
consortia  is  important  for  NPS  in  the  area  of  ocean  sciences.  Future  NPS  students  (US 
Na\y  officeis)  will  need  education  in  areas  of  geological,  chemical  and  biological 
oceanography.  Rather  than  hinng  faculty  and  building  laboratories  for  studies  in  these 
areas,  it  makes  more  sense  for  NPS  students  to  enroll  in  these  courses  at  neighbonng 
institutions.  Note  that  the  current  law  provides  severe  restrictions  upon  civilian  students 
errolling  in  classes  at  NPS,  and  effecuvely  precludes  NPS  participation  m  this  consortia. 
Congressman  Farr  has  inU^oduced  legislation  to  correct  this  situation  and  I  encourage  your 
support. 
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2.  Research   Vessel   Utilization.  Dr.  Baker  has  already  told  you  of  his 
concerns  regarding  support  for  the  oceanographic  research  fleet.  The  US  Navy  has  done 
an  excellent  job  of  providing  ships  for  use  by  the  academic  community,  but  I  think  that  the 
Navy  could  do  a  better  job  of  utilizing  the  ships  operated  by  academic  institutions.  The 
best  Navy  example  of  utilization  of  these  ships  is  the  Office  of  Naval  Research  which 
routinely  uses  academic  research  ships  for  the  Naval  Research  Laboratory  as  well  as 
contract  programs  in  basic  research. 

In  the  case  of  applied  research  (tasks  such  as  sensor  or  model  validation),  funding 
for  ship  needs  within  the  Navy  is  almost  non-existent  This  is  m  part  due  to  the 
disappearance  of  the  pool  AGORs,  USNS  DeSteiguer,  Bartlett,  and  Lynch,  which  had 
traditionally  fulfilled  these  needs.  Research  vessels  operated  by  academic  insutuuons  could 
readily  meet  these  applied  research  needs  of  the  Navy  but  a  source  of  funding  needs  to  be 
found.  Similarly,  for  validated  operauonal  requirements,  1  believe  that  the  academic  fleet 
could  meet  Navy  needs  in  some  instances,  at  a  substantial  cost  saving  to  the  Navy. 

An  example  of  utilizauon  of  academic  ships  and  federal/state/pnvate  consortia  is  the 
Central  Califonua  Consortium.  Ten  years  ago,  NPS  and  MLML  operated  small  (-85  foot) 
ships  with  limited  capability  and  decided,  with  other  institutions  in  the  cu^ea,  to  try  to 
acquire  a  larger,  more  capable  research  vessel.  With  full  support  of  the  Navy,  a  135-ft 
vessel  was  assigned  to  CENCAL,  operated  by  MLML  (California  State  University),  with 
the  Navy  proMding  $500,0(X)  per  year  for  utilization  of  the  ship  by  NPS  students  and 
faculty.  But  this  story  may  turn  out  to  be  a  cauUonary  one  for  such  consortia;  the  Navy 
has  been  able  to  identify  only  $67,000  for  FY 96  operations. 

3.  Global  Observing  Programs    Ll.  Matthew  Fontaine  Maury,  USN, 
established  the  onginal  global  ocean  observing  program  in  1855  when  he  convinced 
manners  to  systematically  observe  winds  and  currents  and  provide  copies  of  these 
observations  to  the  Bureau  of  Charts  and  Navigation  in  exchange  for  Pilot  Charts  which 
showed  winds  and  currents  based  upon  compilations  of  these  data.  Adm.  Watkins  has 
previously  provided  you  with  information  regarding  a  new  attempt  to  organize  a  Global 
Ocean  Observing  System.  Because  the  intenor  of  the  ocean  is  opaque  with  respect  to 
electromagnetic  radiaUon,  shipboard  observauons  are  required  in  any  global  census  of  the 
ocean's  currents  and  waters.  1  believe  that  the  US  Navy  (and  other  navies  of  the  world) 
can  play  an  essenUal  role  in  this  program  by  taking  advantage  of  a  new  generation  of 
shipboard  ocean  observing  systems.  There  are  two  reasons  why  this  is  advantageous. 
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First,  Navy  ships  employ  advanced  technology  with  well  trained  and  educated  crews. 
Second,  Navy  ships  often  operate  in  areas  not  frequented  by  other  ships. 

4.  Classification   Issues.  Adm.  Watkins  has  also  noted  the  value  of  a  number 
of  Navy  data  sets  with  respect  to  ocean  research  and  has  asked  that  consideration  be  given 
to  their  declassification  in  a  manner  consistent  with  the  legitimate  security  needs  of  the 
United  States.  My  observation  is  that  it  is  very  difficult  to  get  anything  declassified  from 
the  bottom-up,  and  I  want  you  to  know  that  we  very  much  appreciate  continued 
Congressional  pressure  to  release  these  data  sets  when  there  are  no  reasons  for  their 
classification. 

Although  the  ocean  is  opaque  with  respect  to  electromagnetic  radiation,  it  is  nearly 
transparent  to  acoustic  energy:  an  80  second  pulse  of  260  Hz  sound  with  15  watts  of 
energy  can  be  detected  to  ranges  in  excess  of  1000  km.  This  makes  the  acoustic  ocean 
surveillance  assets  (SOSUS  stations)  of  the  US  Navy  exceedingly  valuable  as  ocean 
observatones.  They  can  be  used  for  such  diverse  activities  as  listening  to  and  tracking        - 
marine  mammals,  monitonng  thermal  plume  activity  at  submarine  ndges,  tracking 
lagrangian  floats,  and,  with  tomography  techniques,  studying  the  ocean's  response  to 
seasonal  changes  of  wind  stress,  etc.  The  success  of  such  studies  requires  regular,  routine 
access  to  the  data  collected  at  the  SOSUS  stations. 

NPS  has  recently  acquired  the  SOSUS  station  at  Point  Sur,  California.  It  has  not 
been  actively  used  by  the  Navy  for  many  years.  We  have  formed  a  partnership  with 
MBAR]  to  exploit  acoustic  data  from  this  SOSUS  array  for  ocean  research  and  education. 
We  would  not  only  like  to  use  these  data  for  research  and  education,  but  we  would  also  like 
to  make  these  data  available  to  the  community  in  real  time  over  the  internet.  We  are 
currently  trying  to  get  permission  to  do  this.  One  problem,  of  course,  is  that  it  raises  the 
possibility  of  some  other  country  tracking  or  listening  to  USN  submarines  using  US 
listening  arrays,  which  really  is  unacceptable.  But  nevertheless,  when  there  are  no  USN 
submarines  in  the  area,  and  US  security  cannot  be  threatened,  we  would  like  to  be  able  to 
easily  use  these  data  for  research  and  instruction.  The  potential  of  these  acoustic  data  for 
improving  our  understanding  of  Eastern  Pacific  Ocean  is  imlimited. 

5.  Deep  Ocean  Waste  Disposal  Sites.     I  believe  that  an  excellent  opportunity 
to  develop  federal-private  partnerships  exists  in  the  area  of  ocean  waste  disposal  and 
remediation.  Although  no  longer  used,  a  number  of  hazardous  waste  disposal  sites  exist 
along  US.  coasts  which  offer  a  valuable  opportumty  for  long-term  environmental  studies  as 
well  as  development  of  remediation  techniques.  Commercial  applications  of  related 
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technologies  readily  exist,  and  US  law  permits  deep  ocean  disposal  of  fly  ash,  sewage,  and 
unconiaiminated  dredge  spoils. 

An  example  of  a  hazardous  waste  disposal  site  is  the  area  to  the  west  of  the 
Farailones  (located  within  the  current  marine  sanctuary)  where  the  AEC  and  USN  dumped 
at  least  47,000  barrels  of  low  level  radioactive  waste,  some  of  which  ended  up  in  water 
only  350-700m  deep.  The  dumping  was  done  in  the  late  1950's  and  early  1960's,  and 
much  of  the  Navy  waste  consists  of  scrapings  from  vessels  involved  in  bomb  tests.  There 
have  been  few  visits  to  the  dump  site  area,  and  it  is  difficult  to  know  the  extent  to  which  the 
ocean  has  been  contaminated  by  leaking  barrels.  Interest  in  this  site  extends  from  local  and 
state  agencies,  to  DOE,  NOAA,  EPA,  and  USGS. 

The  US  Navy  possesses  unique  and  valuable  resources  for  deep  ocean  operations, 
both  within  the  Submarine  Development  Group  and  at  the  Naval  Oceanographic  Office.  A 
good  example  of  this  capability  is  the  current  recover}'  of  flight  data  recorders  from  the 
aircraft  that  recently  crashed  in  the  Caribbean.  The  Navy  experience  includes  work  with 
high  level  radioactive  matenals  and  muniUons.  The  utilization  of  these  assets  to  develop 
remediation,  recovery  and  disposal  techniques,  and  to  transfer  these  methods  to  pnvate 
industry  is  important  Continued  utilization  of  the  oceans  will  offer  instances  where 
remediation  and  clean  up  of  deep  ocean  sites  will  be  necessary. 


1  ha\  e  offered  a  few  examples  of  utilization  of  Navy  and  NPS  assets  in  consortia  of  public 
and  pnvate  institutions  in  order  to  better  understand  and  utilize  the  ocean.  CORE  and  Adm. 
Watkms  have  done  a  tremendous  job  in  providing  you  with  an  agenda  for  these  activities.  I 
w  ant  to  thank  you  for  the  opportumty  to  make  these  remarks. 
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Good  afternoon  ladies  and  gentlemen.  My  name  is  Libe  Washburn  and  I  am  an 
associate  professor  in  the  Geography  Department  at  UC  Santa  Barbara.  My  field  of  study 
is  physical  oceanography  with  an  emphasis  on  interdisciplinary  research  issues.  Thank  you 
for  gixang  me  the  opportunity  to  discuss  some  of  the  oceanographic  research  that  my 
colleagues  and  I  are  conducting  at  UCSB.  For  the  past  year  I  have  been  involved  in  a       i 
multidisciplinary  study  of  natural  hydrocarbon  seepage  in  the  Santa  Barbara  Channel  that 
is  being  conducted  by  the  Institute  for  Crustal  Studies  at  UCSB.  The  overall  study 
involves  the  participation  of  six  faculty  members  and  six  graduate  and  post-graduate 
researchers  at  UCSB.  Participants  in  the  study  come  fi-om  four  university  departments 
and  cover  the  fields  of  oceanography,  geophysics,  remote  sensing,  biology,  and  chemical 
engineering.  Participants  in  the  study  also  come  fi"om  industry.  One  participant  is  a 
geologist  fi-om  Mobil  Oil  Corporation  who  is  a  visiting  research  scientist  at  UCSB.  We 
are  also  working  with  private  companies  that  have  expertise  in  specialized  techniques  for 
detecting  hydrocarbons  in  seawater  and  who  have  important  baseline  data  for  detecting 
changes  in  the  marine  environment. 

We  think  this  work  is  an  example  of  the  innovative  research  that  can  be  pursued 
by  the  academic  communit>'  in  cooperation  with  the  private  sector.  The  initial  results  of 
our  study  are  unexpected  and  we  think  you  will  find  them  interesting.  However,  you 
should  bear  in  mind  that  this  is  on-going  research  and  we  are  actively  involved  in  field 
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studies,  data  analysis,  synthesis  of  historical  records,  and  careful  searches  for  existing 
scientific  literature.  Our  work  has  been  funded  through  the  peer-review  process  and 
results  fi"om  our  research  will  be  published  in  the  peer-reviewed  literature. 

The  preliminary  findings  of  this  work  indicate  that  there  has  been  a  reduction  in 
natural  hydrocarbon  seepage  over  the  past  twenty  years  near  an  oflfshore  oil  platform  in 
the  Santa  Barbara  Channel.  This  reduction  has  occurred  during  a  time  of  oil  production  at 
the  platform  and  we  hypothesize  that  this  production  has  lowered  natural  seepage  rates. 
We  are  working  to  verify  this  hypothesis  and  to  accurately  quantify  changes  that  have 
occurred.  We  are  also  working  to  understand  the  implications  of  our  findings.  To  the  best 
of  our  knowledge,  this  is  the  most  detailed  study  to  ever  examine  a  change  in  seepage  over 
time  in  the  marine  environment. 

I  will  continue  my  presentation  by  showing  you  some  of  the  evidence  that  a 
reduction  in  hydrocarbon  seepage  has  occurred.  I  will  end  by  elaborating  on  the  possible 
consequences  and  significance  of  this  finding. 

The  Santa  Barbara  Channel  is  an  area  of  intense  natural  hydrocarbon  seepage 
(Wilson  et  al.,  1974  and  Allen  et  al.,  1970).  As  far  as  we  are  aware,  the  only  area  of 
greater  natural  marine  seepage  in  the  world  is  in  the  Caspian  Sea  in  the  former  Soviet 
Union.  The  abundant  tar  found  on  southern  California  beaches  is  due  to  this  natural 
seepage.  All  of  the  tar  on  Santa  Barbara's  beaches  and  half  of  the  tar  on  Los  Angeles 
beaches  comes  fi-om  the  natural  seeps  offshore  fi-om  Coal  Oil  Point  (Hartmond  and 
Hammond,  1981),  near  the  UCSB  campus.  The  volatile  hydrocarbons  fi"om  these  seeps 
are  also  a  significant  source  of  air  pollution  in  Santa  Barbara  and  Ventura  Counties  (Killus 
and  Moore,  1991).  The  smell  of  hydrocarbon  compounds  fi^om  the  natural  seeps  is  often 
present  on  the  UCSB  campus. 

Our  research  group  has  been  studying  these  seeps  in  order  to  quantify  the  total 
amount  of  hydrocarbon  emissions  and  to  determine  if  there  has  been  any  change  in 
emissions  due  to  offshore  oil  production.  Each  oil  field  in  the  Santa  Barbara  Channel  has 
some  associated  natural  hydrocarbon  seepage.  This  figure  (#1)  shows  the  oil  fields  in  the 
Santa  Barbara  Channel.  We  have  focused  our  initial  efforts  on  the  seeps  above  the  South 
EUwood  Offshore  Field,  because  the  seeps  are  extremely  intense  at  this  location.  There  is 
also  an  offshore  platform  that  has  been  producing  oil  fi"om  a  portion  of  the  natural  seep 
field  since  1967.  The  seepage  is  coming  fi-om  oil  in  the  Monterey  Formation,  which  has 
been  produced  fi-om  Platform  Holly  since  1972. 

This  figure  (#2)  shows  a  map  of  the  seep  activity  on  the  South  EUwood  Field  in 
1994  that  was  measured  with  a  sonar  survey.  The  total  gas  seepage  fi-om  this  field  is  about 
5  million  cubic  feet  per  day.  In  addition,  about  6  thousand  gallons  of  oil  is  naturally 
seeping  into  the  ocean  every  day.  About  8%  of  the  gas  seepage  is  being  captured  by  seep 
containment  devices  ("seep  tents")  that  were  placed  on  the  seafioor  one  mile  east  of 
Platform  Holly  in  1982.  The  surprising  result  of  this  survey  is  how  little  seepage  was 
occurring  within  one  mile  of  Platform  Holly  in  1994  and  1995.  The  area  around  Platform 
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Holly  had  been  thoroughly  documented  as  an  area  of  intense  seepage  by  oil  industry 
surveys  in  the  1940's,  1950's,  and  1970's  (Fischer  and  Stevenson,  1973).  Based  on  this 
finding,  a  research  grant  was  obtained  firom  the  University  of  California's  Energy  Study 
Program  to  acquire  new  high-resolution  seismic  data  in  1995  to  compare  with  data 
obtained  in  1973.  The  next  overhead  shows  a  comparison  of  data  acquired  between 
Platform  Holly  and  the  seep  tents  in  1973  and  1995. 

The  top  of  this  figure  (#3)  shows  the  intense  seepage  around  Platform  Holly  that 
was  recorded  by  an  acoustic  survey  in  1973.  The  figure  shows  dark  areas  in  the  water 
column  that  correspond  to  rising  plumes  of  bubbles.  The  bubbles  themselves  are 
composed  mostly  of  methane,  but  also  contain  ethane,  propane,  and  other  constituents. 
The  bottom  of  the  figure  shows  the  seep  activity  in  1995  along  the  same  line.  Note  the 
dramatic  reduction  in  seepage  that  has  occurred  over  this  section  which  covers  a 
horizontal  distance  of  about  one  mile.  Quantitative  analysis  of  this  data  indicates  about  a 
90%  reduction  in  seepage  within  one  mile  of  Platform  Holly  over  the  past  22  years.  The 
area  around  Platform  Holly  is  the  only  area  that  has  experienced  a  reduction  in  seepage, 
based  on  our  geophysical  surveys.  The  reduction  in  seepage  around  Holly  may  result  fi-om 
a  reduction  in  reservoir  pressure  due  to  withdrawal  of  oil. 

Another  line  of  evidence  indicating  a  decreasing  seepage  rate  around  Platform 
Holly  comes  fi'om  oceanographic  surveys  which  measure  dissolved  hydrocarbon 
concentrations  in  the  ocean  downcurrent  fi-om  the  seep  field.  The  dissolved  concentration 
can  be  used  as  a  measure  of  seep  activity,  because  seep  gases  partially  dissolve  in  the 
ocean  as  they  rise  fi^om  the  seafloor  (Fischer,  1 978).  Dissolved  hydrocarbon  components 
are  carried  downcurrent,  where  they  have  been  measured  in  past  surveys.  In  1995  we 
measured  dissolved  hydrocarbon  concentrations  in  an  area  that  was  surveyed  in  1981  by 
InterOcean  Systems,  Inc.  of  San  Diego  California.  We  have  been  woricing  with  InterOcean 
in  the  synthesis  of  these  data  sets.  This  figure  (#4)  compares  propane  concentrations 
between  1981  and  1995.  The  peak  concentrations  measured  in  1981  were  nearly  ten  times 
as  high  as  in  1995.  Although  ocean  currents  also  influence  hydrocarbon  concentrations, 
this  is  a  larger  reduction  than  can  probably  be  accounted  for  by  currents  alone.  However, 
we  are  collecting  oceanographic  measurements  and  are  using  computer  models  to 
understand  the  effects  of  currents  on  the  concentrations.  Some  of  the  data  that  we  are 
using  in  our  analysis  has  been  generously  supplied  by  the  Coastal  Oceanography  Group  at 
the  Scripps  Institution  of  Oceanography.  Our  observation  of  a  change  in  dissolved 
hydrocarbon  concentrations  is  consistent  with  a  decrease  in  seep  activity  since  1981. 

If  the  hypothesis  that  oil  production  has  reduced  natural  hydrocarbon  seepage  is 
true,  then  some  local  and  national  implications  need  to  be  explored.  At  the  local  level, 
reduced  seepage  will  lower  the  total  amount  of  reactive  organic  gases  released  into  the 
atmosphere  offshore  from  Santa  Barbara.  It  will  also  lower  the  amount  of  tar  and  oil  in 
local  waters.  Reactive  organic  gases  are  precursors  to  smog-forming  ozone  which  is  a 
health  hazard.  Tar  and  oil  wash  up  on  our  beaches  and  diminish  their  recreational  and 
aesthetic  values. 
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Results  from  our  research  may  have  national  significance  as  well.  They  suggest 
that  reductions  in  natural  seepage  due  to  oil  production  must  be  accounted  for  when 
determining  greenhouse  gas  emission  inventories.  Methane  is  a  greenhouse  gas  that  is  20 
to  30  times  as  potent  as  carbon  dioxide.  Around  Platform  Holly  methane  emission  due  to 
natural  seepage  has  decreased  by  about  15  to  25  tons  per  day.  This  decrease  is  equivalent 
to  12-20%  of  the  global  warming  potential  produced  by  burning  the  oil  that  comes  from 
this  field  each  day.  The  reduction  in  natural  seepage  may  persist  after  oil  production  has 
stopped  and  a  key  research  issue  is  understanding  the  long  term  relationship  between  oil 
production  and  natural  seepage. 

We  emphasize  that  our  study  is  focused  on  a  small  region  around  a  single  platform. 
It  is  not  known  if  the  changes  in  seepage  rates  at  the  South  EUwood  Field  are  typical  of 
other  oil  fields  around  the  world.  To  the  best  of  our  knowledge,  there  is  no  research 
directed  at  understanding  changes  in  natural  hydrocarbon  seepage  around  oil  fields,  either 
in  the  United  States  or  overseas,  except  at  Platform  Holly.  We  feel  that  interdisciplinary 
studies  spanning  the  areas  of  oceanography,  geophysics,  geology,  biology,  and 
climatology  are  necessary  to  understand  the  global  significance  of  this  issue. 

In  summary,  we  feel  that  our  project  is  a  good  example  of  a  cooperative  research 
effort  being  conduaed  by  members  of  the  scientific  community  and  industry.  It  also 
illustrates  how  basic  scientific  research  can  produce  in  practical  results  with  policy 
implications.  Thank  you  for  your  attention. 


References 

Allen,  A.A.,  R.S.  Schueter,  and  P.G.  Mikolaj,  1970.  Natural  oil  seepage  at  Coal  Oil 
Point,  Santa  Barbara,  California,  Science,  vl70,  p.974-977. 

Fischer,  P. J.,  1978.  Oil  and  tar  seeps,  Santa  Barbara  Basin,  California,  in  California 
Offshore  Gas,  Oil,  and  Tar  Seeps,  California  State  Lands  Commission,  Sacramento, 
California,  p.  1-62. 

Hartman,  B..  and  D.  Hammond,  1981,  The  use  of  carbon  and  sulfiir  isotopes  as 
correlation  parameters  for  the  source  identification  of  beach  tar  in  the  Southern 
California  Borderland,  Geochim.  et  Cosmochim.  Acta,  v45,  p  309-319. 

Killus,  J.P.,  and  G.E.  Moore,  1991.  Factor  analysis  of  hydrocarbon  species  in  the  south- 
central  coast  air  basin,  J.  of  Applied  Meteorology,  v30,  p.733-743. 

Wilson,  R.D.,  P.H.  Monaghan.  A.  Osanik,  L.C.  Price,  and  M.A.  Rogers,  1974.  Natural 
Marine  Oil  Seepage,  Science,  v.  184,  p. 857-865. 


317 


u 


.s 


61) 


318 


S3 


1>  —   „ 


•6  o>  = 


<^  -o  a 


319 


Acoustic  Image  of  Seep  Activity 


Figure  3.  Seep  activity  in  1973  compared  with  1995.  Dark  columns 
show  rising  bubble  plumes  of  seep  gases.  Distance  between 
Platform  Holly  and  Seep  Tents  is  approximately  1  mile. 
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Figure  4.  Oceanic  concentrations  of  dissolved  propane  over  the  South 
Eilwood  field  in  1981  compared  with  1995.  Contour  levels 
are  shown  in  parts  per  milUon. 
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The  ocean  has  always  had  a  profound  influence  on  human  life 
and  activities.   It  has  been  an  important  source  of  food  and 
means  of  commerce.   However,  it  has  also  been  a  threat  to  human 
life  as  a  focus  of  war  and  through  its  encroachment  onto  land. 
In  recent  decades,  the  United  States  has  been  the  world  leader  in 
ocean  research,  both  in  basic  studies  and  research  on  the  ocean's 
practical  influence  on  human  activities.   This  pioneering  work 
has  largely  been  the  result  of  remarkably  successful  partnerships 
between  Federal  agencies  and  research  in  universities,  in  which 
federal  agencies  support  the  research  of  academic  scientists  and 
academic  scientists  provide  advice  on  internal  and  external 
research  by  a  variety  of  mechanisms. 

However,  the  world  in  which  these  partnerships  were  created 
and  sustained  is  changing  rapidly.   Concerns  about  the  ocean  as  a 
medium  for  warfare  and  as  a  threat  to  national  security  are 
decreasing  while  environmental  problems  of  the  coastal  zone  and 
understanding  how  the  ocean  controls  -climate  are  of  increasing 
importance.   Also,  major  advances  in  understanding  the  ocean  and 
in  the  development  of  technologies  for  observing  it  have  set  the 
stage  for  much  greater  research  achievements.   But  the  potential 
for  such  achievement  must  be  set  against  the  human  and  financial 
costs  of  sustaining  science.   For  we  are  now  in  a  period  in  which 
the  importance  of  better  understanding  the  ocean  is  ever  more 
clear  while  the  resources  necessary  to  obtain  this  understanding 
are  increasingly  scarce. 

To  understand  better  what  types  of  partnerships  would  best 
serve  the  United  States  in  the  years  to  come,  the  Ocean  Studies 
Board  of  the  National  Research  Council  undertook  a  study  of  where 
marine  science  stands  today,  how  we  arrived  in  this  position,  and 
where  marine  science  and  technology  appear  to  be  headed.   This 
report  establishes  a  framework,  in  which  improved  partnerships 
between  the  federal  government  and  academic  researchers  can 
sustain  the  advances  of  the  past,  and  lead  our  country  and  the 
world  to  greater  understanding  of  the  many  roles  the  ocean  plays 
in  human  life.   In  their  report,  the  Ocean  Studies  Board 
recognizes  the  ever-growing  urgency  of  the  applications  but  also 
emphasizes  the  importance  of  maintaining  the  health  of  the  basic 
science  on  which  all  policy  decisions  must  be  ultimately  based. 
Although  obtaining  the  proper  balance  in  research  funding  is 
essential  to  national  security — in  its  broad  sense — it  will  not 
be  easy.   The  Board  recommends  the  use  of  series  of  coordinated 
federal-academic  partnerships  to  achieve  a  balance  in  funding 
among  the  agencies  and  a  corresponding  vitality  in  basic  and 
applied  ocean  research. 

THE  NATIONAL  RESEARCH  COUNCIL  15  TOE  PRINCIPAL  OPERATTNC  AGENCY  Of  THE  NATIONAL  ACADEMY  OF  SCIENCES  AND  THE  NAHONAL  ACADEMY  OF  ENCINEERINC 
TO  SERVE  GOVERNMENT  AND  OTHER  ORGANIZATIONS. 
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This  report  is  the  result  of  the  work  of  many  groups  and 
individuals  who  served  as  participants  in  the  study,  writers  of 
drafts  of  the  report,  or  as  reviewers.   The  study  was  begun  under 
the  direction  of  John  Sclater,  then  chairman  of  the  Ocean  Studies 
Board,  and  completed  under  the  OSB  chairmanship  of  Carl  Wunsch. 
William  Merrell  chaired  this  study  during  its  final  9  months, 
seeing  the  report  to  its  completion.   I  thank  the  chairmen.  Board 
members,  and  other  participants  for  their  efforts  in  producing  a 
comprehensive  report  on  the  future  of  marine  sciences  and 
technology  in  the  United  States.   I  find  the  call  for  new  and 
improved  partnerships  between  federal  agencies  and  academia 
especially  timely  and  believe  that  the  report  provides  a  solid 
base  for  building  future  programs  in  marine  sciences. 

In  1991,  oceanography  reached  the  end  of  an  era  when  two 
major  figures  passed  from  the  scene.   The  Ocean  Studies  Board 
dedicates  this  report  to  Roger  Revelle  and  Henry  Stommel,  who 
recognized  decades  ago  the  kind  of  science  that  would  be  needed 
to  understand  the  biology,  chemistry,  and  physics  of  the  ocean 
and  their  impact  on  the  Earth  system. 


Frank  Press 

Chairman 

National  Research  Council 
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Preface 


The  field  of  oceanography  has  existed  as  a  major  scientific 
discipline  in  the  United  States  since  World  War  II,  largely  funded 
by  the  federal  government.  In  this  report,  the  Ocean  Studies 
Board  documents  the  state  of  the  field  of  oceanography  and  as- 
sesses the  health  of  the  partnership  between  the  federal  govern- 
ment and  the  academic  oceanography  community. 

The  objectives  of  the  report  are  to  document  and  discuss  im- 
portant trends  in  the  human,  physical,  and  fiscal  resources  avail- 
able to  oceanographers,  especially  academic  oceanographers,  over 
the  last  decade;  to  present  the  Ocean  Studies  Board's  best  assess- 
ment of  scientific  opportunities  in  physical  oceanography,  marine 
geochemistry,  marine  geology  and  geophysics,  biological  oceanog- 
raphy, and  coastal  oceanography  during  the  upcoming  decade;  and, 
to  provide  a  blueprint  for  more  productive  partnerships  between 
academic  oceanographers  and  federal  agencies. 

The  study's  approach  was  to  document  trends  in  resources 
over  the  past  ten  to  twenty  years  and  to  speculate  on  the  likely 
directions  of  oceanographic  science  over  the  next  decade.  The 
board  used  a  number  of  means  to  gather  information  from  ocean 
scientists  and  from  the  agencies  that  conduct  and  fund  ocean  sci- 
ence. A  meeting  on  the  topic  of  oceanographic  facilities  was 
attended  by  a  number  of  agency  representatives  to  discuss  agency 
provision  and  use  of  these  facilities.  In  addition,  agencies  that 
employ  oceanographers  were  surveyed  to  determined  the  human 
resources  characteristics  of  the  federal  agencies  now  and  over  the 
past  twenty  years. 

'     .  .  -  .,,    "  ix 
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A  similar  questionnaire  was  sent  to  the  institutional  members  of 
the  Council  on  Ocean  Affairs  to  assess  the  characteristics  of  the  aca- 
demic oceanography  community.  Agency  and  academic  scientists 
were  brought  together  on  a  number  of  occasions  to  discuss  the  re- 
sources available  to  the  field  and  the  science  directions  of  the  field. 

The  board  convened  two  meetings  on  the  future  of  oceano- 
graphic  science,  one  on  the  West  Coast  and  one  on  the  East  Coast. 
These  meetings  brought  together  groups  of  oceanographers  bal- 
anced by  scientific  discipline  and  these  meetings  were  used  to 
discuss  working  documents  on  the  exciting  science  directions  of 
each  of  the  disciplines.  The  Ocean  Studies  Board  is  grateful  to 
those  who  took  on  the  task  of  gathering  the  information  for  each 
discipline:  Arnold  Gordon  (physical  oceanography),  Paul  T.  Fox 
and  Charles  Langmuir  (marine  geology  and  geophysics),  John  Edmond 
and  John  Hedges  (chemical  oceanography  and  marine  chemistry), 
James  Yoder  (biological  oceanography),  and  Kenneth  Brink  (coastal 
oceanography).  Many  other  people  too  numerous  to  cite  individu- 
ally assisted  in  various  aspects  of  the  study,  particularly  board 
members  who  reviewed  sections  within  their  fields  of  expertise. 

The  board  presented  its  preliminary  findings  at  two  meetings 
of  the  American  Geophysical  Union  (AGU),  one  of  the  major  sci- 
entific societies  to  which  oceanographers  belong.  The  purpose  of 
the  AGU  special  sessions  was  to  get  feedback  from  scientists  in 
the  field  of  oceanography,  to  ensure  that  the  board's  views  were 
representative  of  the  field  as  a  whole.  The  first  special  session, 
on  the  topic  of  resources  for  oceanography,  was  held  at  the  De- 
cember 1990  AGU  meeting  in  San  Francisco,  California.  The 
second  special  session,  which  summarized  the  results  of  the  two 
meetings  on  future  oceanographic  science,  was  held  at  the  May 
1991  AGU  meeting  in  Baltimore,  Maryland. 

This  study  was  funded  by  the  agencies  that  support  research 
in  oceanography,  including  the  National  Science  Foundation,  the 
Office  of  Naval  Research,  the  National  Oceanic  and  Atmospheric 
Administration,  the  Department  of  Energy,  the  U.S.  Geological 
Survey,  and  the  National  Aeronautics  and  Space  Administration. 
The  board  gratefully  acknowledges  the  efforts  of  the  staff  of  the 
Ocean  Studies  Board  who  labored  with  the  board  to  produce  this 
report,  particularly  Mary  Hope  Katsouros,  Edward  R.  Urban,  Jr., 
Rebecca  Metzner  Seter,  Robin  Rice,  and  David  Wilmot.  The  edi- 
tor of  the  report  was  Sheila  Mulvihill. 

William  J.  Merrell 
Study  Chair 
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The  Federal  Government  and  academic  institutions  have 
together  built  a  research  enterprise  that  is  without  peer  in 
the  world.  This  enterprise  has  been  based  on  the  concept 
of  a  partnership,  where  each  partner  contributes  and  each 
benefits.  But,  as  in  any  partnership,  a  periodic  and  thor- 
ough reexamination  is  both  healthy  and  necessary,  if  only 
to  revalidate  the  original  conditions  of  the  partnership. 

(p.  138  in  Office  of  Management  and  Budget,  1992) 
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Federal  agencies  and  the  academic  oceanography  community 
have  been  fortunate  to  work  together  in  productive  partnerships. 
These  mutually  beneficial  partnerships  are  characterized  by  the 
federal  agencies'  funding  research  at  academic  institutions  that  is 
important  to  the  agencies'  missions  or  is  critical  to  maintaining 
the  health  of  the  basic  ocean  research  endeavor. 

These  partnerships  are  likely  to  change  because  oceanography 
is  developing  a  new  focus  as  the  results  of  oceanographic  research 
become  increasingly  relevant  to  social  and  economic  concerns. 
There  is  an  increasing  emphasis  on  global-scale  and  multidisciplinary 
research,  and  a  changing  mission  profile  of  naval  oceanography. 
Ocean  research  programs  that  developed  primarily  from  scientific 
curiosity  have  attained  increased  social  meaning  and  urgency,  and 
federal  agencies  are  increasingly  pressured  to  produce  cogent  policy 
options.  Yet,  over  the  past  decade,  academic  oceanographers  have 
had  access  to  increasingly  limited  resources  compared  to  their 
overall  capacity  to  conduct  scientific  research.  The  number  of 
Ph.D. -level  academic  oceanographers  increased  dramatically  be- 
tween 1980  and  1990.  Also,  more  sophisticated  instrumentation 
and  improved  data  handling  and  computing  techniques  have  in- 
creased both  the  scientific  capacity  of  each  researcher  and  the 
cost  of  each  investigator's  research.  The  net  result  is  a  serious 
imbalance  between  what  can  be  accomplished  and  the  available 
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resources.  Fiscal  support  in  the  United  States  has  not  kept  up 
with  scientific  progress,  whereas  other  countries  have  increased 
their  capacities  to  conduct  oceanographic  research.  To  respond  to 
these  challenges,  federal  agencies  and  the  academic  oceanography 
community  need  to  establish  productive  new  partnerships.  Key 
elements  in  such  partnerships  are  encouraging  individual  scien- 
tists to  take  intellectual  risks  in  advancing  basic  knowledge,  pro- 
viding support  that  is  tied  to  solving  present  problems,  and  en- 
couraging scientists  to  cooperate  in  the  development  of  large  shared 
research  endeavors.  These  new  partnerships  will  be  the  basis  of  a 
national  oceanographic  effort  that  balances  the  necessity  for  a 
robust  program  in  basic  research  against  the  need  for  research 
directed  at  important  societal  problems. 

This  report  has  three  major  objectives.  The  first  is  to  docu- 
ment and  discuss  important  trends  in  the  human,  physical,  and 
fiscal  resources  available  to  oceanographers,  especially  academic 
oceanographers,  over  the  last  decade.  The  second  goal  is  to  present 
the  Ocean  Studies  Board's  best  assessment  of  the  scientific  oppor- 
tunities in  physical  oceanography,  marine  geochemistry,  marine 
geology  and  geophysics,  biological  oceanography,  and  coastal  ocean- 
ography during  the  upcoming  decade.  The  third  and  principal  objec- 
tive is  to  provide  a  blueprint  for  more  productive  partnerships 
between  academic  oceanographers  and  federal  agencies.  The  board 
attempts  to  do  this  by  developing  a  set  of  general  principles  that 
should  provide  the  basis  for  building  improved  partnerships  and 
by  discussing  critical  aspects  of  the  specific  partnerships  for  each 
federal  agency  with  a  significant  marine  program. 

OCEANOGRAPHY  AND  SOCIETY 

The  ocean  dominates  Earth's  surface  and  greatly  affects  daily 
life.  It  regulates  Earth's  climate,  plays  a  critical  role  in  the  hydro- 
logical  cycle,  sustains  a  large  portion  of  Earth's  biodiversity,  sup- 
plies food  and  mineral  resources,  constitutes  an  important  medium 
of  national  defense,  provides  an  inexpensive  means  of  transporta- 
tion, is  the  final  destination  of  many  waste  products,  is  a  major 
location  of  human  recreation,  and  inspires  our  aesthetic  nature. 

Today's  sense  of  urgency  about  ocean  studies  is  precipitated 
by  human  impacts  on  oceanic  systems  and  the  need  for  a  better 
understanding  of  the  ocean's  role  in  controlling  global  chemical, 
hydrological,  and  climate  processes.  The  nation  is  faced  with 
pressing  marine  research  problems  whose  timely  solution  will  re- 
quire increased  cooperation  between  federal  agencies  and  academic 
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scientists.  Many  of  these  problems  arise  from  the  need  to  accom- 
modate multiple  uses  of  the  ocean  and  from  the  ever-increasing 
concentration  of  the  U.S.  population  near  our  coasts.  Oceano- 
graphic  research  is  important  to  many  of  the  nation's  social  con- 
cerns, including  the  following: 

•  Global  Change.  The  ocean  is  key  to  regulating  both  natural 
and  human-induced  changes  in  the  planet.  The  role  of  ocean 
circulation  and  the  coupling  of  the  ocean  and  atmosphere  are  ba- 
sic to  understanding  Earth's  changing  climate.  Regional  events 
such  as  El  Nino  and  ocean  margin  and  equatorial  upwelling  influ- 
ence climate  on  both  seasonal  and  longer  time  scales.  Earth's 
population  is  now  large  enough  to  alter  the  chemical  composition 
of  the  ocean  and  atmosphere  and  to  impact  the  biological  compo- 
sition of  Earth. 

•  Biodiversity.  The  ocean  comprises  a  large  portion  of  Earth's 
biosphere.  It  hosts  a  vast  diversity  of  flora  and  fauna  that  are 
critical  to  Earth's  biogeochemical  cycles  and  that  serve  as  an  im- 
portant source  of  food  and  pharmaceuticals.  In  addition  to  the 
exciting  discoveries  of  previously  unknown  biota  near  hydrother- 
mal  vents,  many  deep-ocean  organisms  have  evolved  under  rela- 
tively stable  conditions.  Their  unique  physiologies  and  biochem- 
istries have  not  yet  been  explored  adequately,  and  methods  for 
sampling  the  more  fragile  of  these  species  have  been  developed 
only  in  the  past  decade.  Human  influence  on  marine  biota  has 
increased  dramatically,  threatening  the  stability  of  coastal  ecosys- 
tems. Some  species  have  been  overharvested;  others  have  been 
transported  inadvertently  to  areas  where  they  are  not  indigenous, 
sometimes  resulting  in  deleterious  effects  on  native  species.  Still 
other  species  are  being  cultivated  commercially,  and  aquaculture 
facilities  along  coastlines  are  becoming  commonplace  in  some 
countries.  A  better  understanding  of  the  ecology  of  marine  organ- 
isms is  urgently  needed  to  prevent  irreversible  damage  to  this 
living  resource. 

•  Environmental  Quality.  Waste  disposed  of  in  coastal  areas 
has  reached  the  open  ocean,  with  broad  ramifications  for  living 
resources.  This  problem  is  compounded  because  many  marine 
species  harvested  for  commercial  and  recreational  purposes  spend 
a  portion  of  their  lives  in  coastal  waters  and  estuaries.  Thus, 
local  pollution  can  have  far-reaching  effects. 

•  Economic  Competitiveness.  Economic  prosperity  in  a  glo- 
bal marketplace  depends  increasingly  on  technical  and  scientific 
applications.     There  is  concern  about  the  ability  of  the  United 
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States  to  compete  with  Europe  and  Asia.  Basic  and  applied  re- 
search in  the  marine  sciences  and  engineering  is  necessary  to  achieve 
and  maintain  a  competitive  position  in  a  host  of  fields,  including 
marine  biotechnology,  aquaculture,  hydrocarbon  and  mineral  ex- 
ploration and  production,  maritime  transportation,  fisheries,  treatment 
and  disposal  of  waste,  and  freshwater  extraction. 

•  National  Security.  Unprecedented  world  political  changes 
are  redefining  national  defense  interests  and  altering  research  and 
development  priorities.  Knowledge  of  the  ocean,  especially  the 
acoustic  properties  of  marginal  seas  and  coastal  areas,  is  critical 
to  national  defense.  Experience  gained  in  1991  during  the  war  in 
the  Persian  Gulf  highlights  the  need  for  better  information  re- 
lated to  oceanic  and  coastal  processes  and  to  maritime  operations 
and  transportation. 

•  Energy.  The  ocean's  energy  resources  are  essential  to  the 
national  economy  and  national  security.  After  a  decade  of  rela- 
tive neglect,  energy  issues  are  reemerging.  With  oil  supplies  con- 
tinually threatened  by  instability  in  the  Middle  East  and  with 
increasing  atmospheric  carbon  dioxide  viewed  as  a  possible  trig- 
ger of  global  warming,  there  is  a  need  to  look  carefully  at  a  full 
range  of  energy  sources,  from  oil  and  gas  in  our  Exclusive  Eco- 
nomic Zone  to  wave  and  tidal  power  and  ocean  thermal  energy 
conversion.  Better  knowledge  of  the  ocean  and  seabed  is  neces- 
sary to  exploit  responsibly  the  ocean's  untapped  petroleum  and 
natural  gas  resources. 

•  Coastal  Hazards.  This  nation  must  improve  its  prediction 
and  response  to  coastal  hazards,  both  natural  and  human  induced. 
Hurricanes  Hugo  and  Andrew,  two  of  the  strongest  hurricanes  of 
the  century,  devastated  parts  of  the  U.S.  East  Coast.  Their  impact 
reinforced  the  need  for  better  predictive  capabilities  and  a  better 
understanding  of  coastal  storm  surges,  flooding,  erosion,  and  winds. 
The  exploration  for,  and  production  of,  petroleum  and  the  trans- 
portation of  petroleum  and  chemical  products  pose  risks  to  the 
environment  when  spillage  occurs.  The  movement,  effects,  and 
ultimate  fates  of  spilled  products  must  be  understood  for  effective 
public  response.  The  available  information  is  woefully  inadequate, 
particularly  for  fragile  ecosystems  such  as  coral  reefs. 

Policy  decisions  concerning  these  and  many  other  marine  re- 
search issues  require  a  comprehensive  understanding  of  the  sci- 
ence and  engineering  of  the  ocean.  Federal,  state,  and  local  poli- 
cies should  be  based  on  the  best  available  knowledge  of  how  ocean 
systems  work — their  biology,  chemistry,  geology,  and  physics.  Research 
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results  must  be  communicated  effectively  to  policy  makers,  with 
gaps  and  uncertainties  stated  clearly  and  fairly.  Also,  basic  under- 
standing must  continue  to  improve. 

MAINTAINING  EXCELLENCE 

Since  World  War  II,  the  United  States  has  been  the  world  leader 
in  oceanographic  research.  Maintaining  this  excellence  requires  a 
talented  population  of  scientists,  an  informed  and  educated  pub- 
lic, a  society  interested  in  and  appreciative  of  new  discoveries, 
open  lines  of  communication  between  oceanographers  and  the  sci- 
entific community  at  large,  and  the  economic  resources  necessary 
to  conduct  oceanographic  research.  Continued  excellence  in  ocean- 
ography is  essential  to  our  national  interests  and  requires  con- 
stant improvement  of  both  physical  and  human  resources  at  aca- 
demic oceanographic  institutions.  Solving  both  short-  and  long-term 
societal  and  environmental  problems  will  require  well-trained  and 
dedicated  scientists  working  in  modern,  well-equipped  institutions, 
with  sufficient  funding.  It  is  critical  to  the  vitality  of  the  ocean 
enterprise  to  continue  nurturing  the  academic  research  environ- 
ment in  which  students  learn  by  performing  research  under  the 
guidance  of  professors  at  the  forefront  of  oceanographic  science 
and  engineering. 

FUTURE  OF  OCEANOGRAPHIC  SCIENCE 

Oceanography,  the  science  of  the  sea,  serves  many  purposes 
while  deriving  its  impetus  from  many  sources.  All  of  oceanogra- 
phy— physical,  chemical,  geological,  and  biological — is  driven  by 
scientists  interested  in  advancing  basic  knowledge.  During  the 
past  30  years,  marine  scientists  have  verified  that  Earth's  crust  is 
divided  into  moving  plates  created  at  mid-ocean  ridges  and  re- 
cycled back  into  Earth's  interior  at  subduction  zones.  More  re- 
cently, dense  colonies  of  animals  and  bacteria  have  been  discov- 
ered at  some  deep-sea  hydrothermal  vents  and  hydrocarbon  seeps 
in  ecosystems  that  only  indirectly  depend  on  energy  from  the 
Sun.  Satellite  observations  have  made  possible  global  estimates 
of  important  ocean  parameters,  such  as  primary  productivity.  Our 
knowledge  of  interannual  climate  variations  has  improved  to  the 
point  that  scientists  are  nov^  able  to  forecast  El  Nino  climate 
disturbances  months  in  advance.  These  are  but  a  few  of  the  dis- 
coveries that  have  characterized  oceanography  since  the  Second 
World  War. 
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Over  the  next  decade,  the  field  will  continue  to  provide  excit- 
ing discoveries  that  contribute  to  an  understanding  of  Earth  as  an 
integrated  system  and  help  unravel  hov^^  humankind  may  be  alter- 
ing the  system.  It  is  nov^  essential  and  possible  to  study  marine 
processes  on  a  global  scale.  Progress  in  oceanography  over  the 
next  decade  v^ill  occur  both  in  the  traditional  marine  science  dis- 
ciplines and,  significantly,  at  the  fringes  and  intersections  of  these 
disciplines.  Multidisciplinary  approaches  will  lead  to  new  discov- 
eries regarding  the  ocean's  role  in  climate  change,  the  hydrody- 
namics of  mid-ocean  ridges,  and  the  dynamics  of  coastal  processes. 
Comprehensive  study  of  these  topics  will  require  unprecedented 
levels  of  cooperation  among  scientists  from  numerous  disciplines. 

Oceanographic  studies  in  the  coming  decade  will  focus  on  how 
ecosystems  affect  global  cycles  of  important  elements  and  how 
changes  in  the  global  environment  affect  marine  ecosystems.  Studies 
of  the  planktonic  food  web  in  the  sunlit  surface  waters  will  ad- 
vance our  understanding  of  such  diverse  issues  as  the  role  of  the 
ocean  in  the  global  carbon  cycle  and  the  sustainable  yields  of 
commercial  fisheries.  Studies  of  ecosystems  at  deep-sea  hydro- 
thermal  vents  and  hydrocarbon  seeps  will  improve  theories  of  the 
conditions  under  which  life  is  possible  and  of  the  origins  of  life. 
More  of  the  ocean  will  be  explored  to  estimate  the  extent  and 
nature  of  deep-ocean  vents  and  their  importance  in  global  cycles. 
Continued  study  of  the  ocean's  chemistry  should  bring  new  un- 
derstanding of  the  past  state  of  Earth,  and  of  how  marine  pro- 
cesses operate  today.  The  study  of  deep-ocean  sediment  cores 
will  provide  more  information  about  past  natural  cycles  of  Earth's 
climate,  against  which  present  climate  fluctuations  can  be  cali- 
brated. A  better  understanding  of  variability  of  the  circulation  of 
the  world  ocean,  which  transports  water  from  near  the  ocean's 
surface  to  deep  oceans  and  back  again,  will  improve  our  under- 
standing of  the  variability  of  the  transport  of  surface  water  to 
depth  and  the  interactions  with  climate. 

The  foundation  of  oceanographic  knowledge  now  used  in  making 
policy  decisions  was  gained  largely  through  investments  in  basic 
research  over  the  past  four  decades.  Oceanographers  are  privi- 
leged to  participate  in  a  science  that  is  intellectually  compelling 
and  has  immediate  and  long-term  practical  applications.  Yet,  the 
pressure  for  quick  answers  to  practical  questions  sometimes  ob- 
scures the  need  for  investing  in  the  improvement  of  basic  science, 
which  remains  the  key  to  solving  long-term  practical  problems. 
Under  pressure  to  provide  immediate  solutions,  it  is  tempting  for 
agencies  whose  focus  is  on  their  responsibilities  for    regulation 


341 


SUMMARY  '■'  7 

and  information  provision  (mission  agencies)  to  concentrate  only 
on  these  short-term  aspects  of  their  missions.  Such  mission  agen- 
cies include  the  Environmental  Protection  Agency  (EPA),  U.S.  Geo- 
logical Survey  (USGS),  Department  of  Energy  (DOE),  National  Aero- 
nautics and  Space  Administration  (NASA),  parts  of  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA),  and  others, 
distinct  from  the  longer-term  focus  of  the  National  Science  Foun- 
dation (NSF)  and  Office  of  Naval  Research  (ONR).  However,  the 
continued  success  of  these  mission  agencies  ultimately  depends 
on  the  results  of  basic  research,  as  well  as  the  results  of  applied 
research  directed  at  specific  problems. 

CONDUCT  OF  OCEANOGRAPHIC  SCIENCE 

In  the  past  decade,  oceanography  has  rapidly  incorporated  new 
technologies  from  other  fields,  remote  sensing,  material  science, 
electronics,  and  computer  science,  for  example.  A  fundamental 
change  arising  from  the  use  of  these  new  technologies  is  an  in- 
crease in  the  quality  and  quantity  of  data  collected  and  a  dramatic 
increase  in  each  oceanographer's  capacity  to  study  oceanic  phe- 
nomena. As  in  many  fields,  the  cost  of  making  new  discoveries 
in  oceanography  has  escalated  because  these  discoveries  have  been 
achievable  only  with  the  development  and  use  of  new  satellites, 
vessels,  laboratory  and  field  instruments,  and  computers.  This 
increased  cost  translates  into  an  increased  cost  per  scientist  in 
the  field,  in  what  has  been  referred  to  as  the  "sophistication  fac- 
tor" by  the  President's  Science  Advisor,  Dr.  D.  Allan  Bromley. 
Yet,  when  adjusted  for  inflation,  total  research  funding  for  ocean 
science  has  remained  nearly  constant  over  the  past  decade.  Dur- 
ing this  interval,  the  number  of  Ph.D. -level  academic  oceanogra- 
phers  has  increased  by  half  again.  The  increase  in  the  scientific 
capacity  of  each  investigator  and  in  the  total  number  of  qualified 
investigators,  coupled  with  nearly  constant  overall  federal  funding, 
has  resulted  in  inadequate  support  for  many  capable  researchers. 

Another  significant  change  in  the  past  decade  is  the  onset  of 
large-scale,  long-term  global  research  programs.  Primarily  planned 
and  begun  with  NSF  support,  these  programs  focus  the  work  of 
many  scientists  on  global  questions.  These  large  programs  are 
usually  managed  through  national  or  international  consortia  that 
involve  many  scientists,  multiple  agencies,  and  often  a  number  of 
countries.  Such  programs  will  explore  new  questions  and  test 
new  mechanisms  for  working  together  in  the  next  decade.  Uncer- 
tainties about  the  changing  environment  of  the  planet  are  rapidly 
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moving  much  of  oceanography  from  a  focus  on  projects  that  use 
the  capabilities  and  interests  of  a  single  investigator  for  a  limited 
time  to  projects  that  require  the  involvement  of  many  individu- 
als, institutions,  and  governments  for  decades.  Special  attention 
should  be  given  to  integrating  mission  agencies  into  the  planning 
and  execution  of  these  long-term  programs.  Mechanisms  must  be 
developed  to  coordinate  the  plans  of  foreign  nations,  federal  agen- 
cies, academic  institutions,  and  individual  scientists,  and  to  sus- 
tain these  large-scale  efforts  in  a  scientifically  and  technically 
sound  manner. 

The  realization  that  global-scale  studies  are  now  not  only  pos- 
sible but  necessary  is  a  major  impetus  for  new  partnerships  in 
oceanography.  Indeed,  the  design  and  deployment  of  a  long-term 
global  ocean  observing  system,  now  being  planned,  will  be  pos- 
sible only  if  such  partnerships  are  realized  and  the  cooperation  of 
marine  scientists  and  governments  throughout  the  world  is  achieved. 

TOWARD  NEW  PARTNERSHIPS 

Traditional  partnerships  in  the  ocean  sciences  have  consisted 
primarily  of  academic  scientists  submitting  proposals  to  the  Na- 
tional Science  Foundation  and  the  Office  of  Naval  Research  for 
funding.  This  funding  system  is  powerful  and  flexible,  allowing 
the  NSF  and  ONR  to  fund  excellent  scientists  whose  areas  of 
expertise  are  those  necessary  to  solve  problems  at  the  forefront  of 
oceanography.  Through  their  support  of  research  and  related  in- 
frastructure, these  two  agencies  sustain  the  basic  research  pro- 
grams at  academic  oceanographic  laboratories.  If  significant  progress 
in  our  basic  understanding  of  the  ocean  is  to  continue,  the  excel- 
lent relationships  of  NSF  and  ONR  with  the  academic  commu- 
nity must  be  maintained.  Agencies  that  fund  oceanography  can 
help  maintain  competence  in  the  field  as  problem  areas  change. 
Flexibility  and  variety  in  scientific  approaches  can  be  maintained 
by  an  extramural  funding  strategy  that  both  responds  to  changing 
problems  and  needs,  and  maintains  a  strong  overall  base  of  scien- 
tific activities  in  the  field  as  a  whole.  It  is  more  difficult  for 
agencies  to  respond  quickly  to  change  through  their  own  laborato- 
ries. 

Many  other  federal  agencies  are  also  involved  in  marine  sci- 
ence and  policy,  but  their  use  of  the  marine  science  knowledge 
and  their  responsibility  to  the  academic  community  vary  widely. 
Agency  responsibilities  range  from  NSF's  and  ONR's  active  pro- 
motion of  the  health  of  basic  science  to  the  highly  specific  and 
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practical  rule-making  procedures  of  the  Environmental  Protection 
Agency.  The  National  Oceanic  and  Atmospheric  Administration 
has  a  wide  range  of  responsibilities  in  the  ocean  but  is  only  now 
beginning  to  develop  significant  research  programs  in  many  of  its 
areas  of  responsibility.  The  future  vitality  of  basic  oceanographic 
research  in  academia  may  depend  on  its  forging  productive  part- 
nerships with  NOAA.  Partnerships  between  academic  oceanogra- 
phers  and  NASA,  DOE,  USGS,  or  the  Minerals  Management  Ser- 
vice will  add  diversity  and  vitality  to  the  national  oceanographic 
effort. 

No  simple  description  can  usefully  encompass  the  range  of 
partnerships  between  federal  agencies  and  the  academic  oceanog- 
raphy community.  However,  under  the  traditional  arrangement, 
mission  agencies,  such  as  EPA,  have  received  relatively  little  in- 
tellectual input  from  academia  and  provided  relatively  little  fund- 
ing to  academic  institutions.  These  agencies,  whose  short-term 
missions  often  require  highly  applied  research,  rely  primarily  on 
their  own  scientists.  Yet,  these  same  agencies  have  relied  on 
academic  scientists  to  provide  the  underpinning  knowledge  upon 
which  their  policy  decisions  are  based.  In  general,  the  mission 
agencies  have  not  contributed  much  to  advancing  fundamental 
knowledge  in  their  areas  of  concern,  perhaps  assuming  that  NSF 
or  ONR  would  fund  basic  research  adequately.  Such  a  perspective 
has  the  danger  of  focusing  oceanography  primarily  on  short-term 
applied  problems.  Achieving  a  sensible  balance  between  basic 
and  applied  oceanographic  research  should  be  the  concern  of  each 
agency  using  the  results  of  ocean  research. 

As  the  context  in  which  oceanography  is  conducted  changes, 
how  can  federal  agencies  and  oceanographers  in  academic  institu- 
tions strengthen  and  improve  their  cooperative  efforts?  In  gen- 
eral, partnerships  must  be  extended  beyond  financial  relationships 
to  include  the  sharing  of  intellect,  experience,  data,  instrument 
development,  facilities,  and  labor. 

Communication 

Many  mission  agencies  and  academic  scientists  have  little  ex- 
perience in  interacting  with  one  another,  but  both  groups  would 
benefit  from  doing  so.  The  board  recommends  that  each  agency 
with  an  ocean  mission  and  without  existing  strong  links  to  the 
nongovernment  community  establish  permanent  mechanisms  for 
ensuring  outside  scientific  advice,  review,  and  interaction.  The 
obvious  advantage  of  external  consultation  is  that  it  provides  an 
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objective  evaluation  of  agency  needs  and  poses  possible  solutions 
from  a  new  perspective.  The  National  Research  Council  is  but 
one  possible  source  of  external  advice.  These  advisory  groups 
should  report  to  a  level  sufficiently  high  that  their  views  are  pre- 
sented directly  to  agency  policy  makers  and  the  relationships  are 
eventually  institutionalized  to  establish  a  collective  memory. 

The  board  recognizes  that  the  existence  of  multiple  marine 
agencies  with  differing  mandates  brings  a  vigor  and  diversity  to 
the  field.  However,  the  lack  of  coordination  and  cooperation  among 
agencies  that  conduct  or  sponsor  marine  research  detracts  from 
this  advantage.  Informal  attempts  at  coordination  have  been  largely 
unsuccessful;  a  formal  mechanism  is  necessary.  The  board  rec- 
ommends that,  because  no  single  agency  is  charged  with  and  able 
to  oversee  the  total  national  marine  science  agenda,  an  effective 
means  be  found  for  agencies  to  interact  at  the  policy  level  and 
formulate  action  plans. 

One  model  for  such  interaction  is  the  Committee  on  Earth 
and  Environmental  Sciences  of  the  Federal  Coordinating  Council 
for  Science,  Engineering,  and  Technology.  Regardless  of  the  coor- 
dinating mechanism  chosen,  it  must  permit  the  agencies  to  de- 
velop a  synergistic  approach  to  addressing  national  problems  and 
to  coordinating  programs  and  infrastructure.  High-priority  tasks 
for  such  a  group  would  be  an  examination  of  the  balance  between 
individual  investigator  awards  and  large  project  support,  and  the 
establishment  of  guidelines  for  the  large,  global  change  projects. 

Agency  Responsibility  for  Basic  Science 

The  vitality  of  basic  ocean  research  in  the  United  States  re- 
sides principally  in  its  academic  institutions.  The  board  recom- 
mends that  federal  agencies  with  marine-related  missions  find 
mechanisms  to  guarantee  the  continuing  vitality  of  the  underly- 
ing basic  science  on  which  they  depend.  In  some  agencies,  the 
best  mechanism  is  direct  funding  of  individual  investigator  grants; 
in  others,  consultation  and  collaboration  work  well.  NSF  and, 
secondarily,  ONR  should  retain  primary  responsibility  for  the  vi- 
tality of  the  basic  science,  with  NOAA  becoming  increasingly 
involved.  Also,  mission  agencies  such  as  EPA  and  DOE  must 
share  more  fully  in  this  responsibility.  It  is  particularly  impor- 
tant to  encourage  involvement  of  mission  agencies  in  sampling 
and  monitoring  programs  pertaining  to  long-term  global  change 
issues.  At  present,  a  disproportionate  share  of  the  funds  is  pro- 
vided by  NSF.   As  these  programs  expand,  resources  for  individual 
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investigator  grants  could  be  reduced  if  other  agencies  do  not  as- 
sume responsibility  for  some  of  the  funding. 

Responsibility  of  Academic  Institutions 

Through  the  years,  academic  oceanographic  institutions  evolved 
different  organizational  structures  ranging  from  typical  academic 
departments  to  large  comprehensive  institutions  that  operate  multiple 
ships  and  shared  facilities.  As  the  benefits  of  cooperation  became 
evident,  vehicles  for  the  cooperative  use  of  ships  and  some  other 
facilities  have  developed.  The  board  recommends  that  academic 
oceanographic  institutions  find  additional  ways  to  achieve  cohe- 
siveness  among  these  institutions  and  a  sense  of  common  scien- 
tific direction.  It  is  essential  that  this  cooperation  be  achieved  at 
both  the  administrative  and  the  working-scientist  levels  so  that 
the  interactions  are  based  on  the  needs  of  science  as  well  as  the 
needs  of  the  institutions.  The  board  also  recommends  that  the 
academic  institutions,  individually  or  through  consortia,  take  a 
greater  responsibility  for  the  health  of  the  field,  including  nation- 
ally important  programs.  In  particular,  the  large,  long-lived  glo- 
bal change  research  programs  are  indicative  of  the  need  for  insti- 
tutional responses  that  are  of  longer  duration  and  more  stable 
than  those  of  individual  scientists.  Also,  the  heavy  dependence  of 
academic  oceanographers  on  federal  support,  compared  with  other 
fields,  suggests  that  the  academic  institutions  should  explore  mecha- 
nisms for  the  stable  support  of  academic  researchers.  Academic 
scientists  have  a  responsibility  to  help  the  federal  agencies  that 
fund  them  when  it  comes  to  applying  research  results  to  agency 
missions.  Partnerships  imply  shared  responsibilities  and  antici- 
pation of  the  future  needs  of  both  partners. 

Sharing  of  Academic  and  Federal  Resources 

The  board  recommends  that  federal  and  academic  researchers 
improve  the  sharing  of  data,  the  cooperative  use  of  facilities,  and 
the  conduct  of  joint  research.  Some  mission  agencies  encourage 
cooperation  with  academic  scientists,  but  increased  formal  inter- 
action could  significantly  improve  the  efficiency  of  the  national 
oceanographic  effort.  The  major  facility  available  to  the  marine 
science  community,  the  research  fleet,  is  a  national  resource. 
Maintaining,  developing,  and  operating  the  fleet  in  the  most  effi- 
cient and  cost-effective  manner  should  be  paramount  in  all  dis- 
cussions of  shared  resources. 
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Development  of  Instrumentation 

Some  advancement  of  oceanographic  knowledge  has  come  through 
the  development  of  new  observational  technologies.  Effective  op- 
erational systems  to  solve  the  complex  problems  facing  mission 
agencies  will  consist  largely  of  instruments  that  either  do  not 
now  exist  or  have  not  yet  been  redesigned  for  oceanography.  The 
development  of  both  in  situ  and  satellite  oceanographic  instru- 
mentation requires  a  long-term  investment  in  novel  technologies 
and  in  the  extensive  field  trials  necessary  to  make  instruments 
operational.  The  board  recommends  that  to  ensure  continued 
progress  in  instrumentation,  new  mechanisms  be  found  to  address 
the  long  time  frames  necessary  for  instrument  development  in 
oceanography.  Mission  agencies,  whose  success  will  depend  in- 
creasingly on  instrumentation  that  does  not  yet  exist,  should  ini- 
tiate suitable  roles  in  the  development  of  new  technology. 

Transfer  of  Responsibility 

The  division  of  tasks  between  academic  scientists  and  agen- 
cies will  depend  on  the  agencies'  missions,  resources,  and  inter- 
nal capabilities  vis-a-vis  the  academic  community's.  Mechanisms 
must  be  developed  to  provide  smooth  transition  from  research 
activities  to  operational  measurements.  In  particular,  the  pro- 
posed global  ocean  observing  system  will  necessitate  unprecedented 
levels  of  monitoring.  The  board  recommends  that  academia  and 
federal  agencies  work  together  to  ensure  that  appropriate  long- 
term  measurements  are  extended  beyond  the  work  of  any  indi- 
vidual scientist  or  group  of  scientists  and  that  the  quality  of  such 
measurements  is  maintained. 

Data  Management  and  Exchange 

The  board  recommends  that  the  present  system  for  data  man- 
agement and  exchange  within  and  among  the  various  elements  of 
the  marine  science  community  be  modernized  to  reflect  the  exist- 
ence of  distributed  computing  systems,  national  and  international 
data  networks,  improved  satellite  data  links,  and  on-line  distribu- 
tion of  oceanographic  data.  Also,  provision  must  be  made  for 
future  access  to  existing  data. 
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Specific  Partnerships 

These  general  recommendations  form  the  basis  for  building 
new  partnerships  between  federal  and  academic  interests  in  ocean 
science.  Of  course,  they  do  not  apply  to  all  agencies  to  the  same 
degree.  The  full  report  discusses  aspects  of  specific  partnerships 
for  federal  agencies  with  significant  ocean  programs.  The  board 
believes  that  if  these  new  partnerships  are  established  and  nur- 
tured, the  next  decade  of  ocean  science  research  will  be  character- 
ized by  a  robust  program  of  basic  research  and  significant  progress 
toward  the  solution  of  marine  problems  of  importance  to  human- 
kind. 
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IMPORTANCE  OF  THE  OCEAN  TO  SOCIETY 

The  ocean  dominates  Earth's  surface  and  greatly  affects  our 
daily  lives.  It  regulates  Earth's  climate,  plays  a  critical  role  in  the 
hydrologicai  cycle,  sustains  a  large  portion  of  Earth's  biodiversity, 
supplies  food  and  mineral  resources,  constitutes  an  important  medium 
of  national  defense,  provides  an  inexpensive  means  of  transporta- 
tion, is  the  final  destination  of  many  waste  products,  is  a  major 
location  of  human  recreation,  and  inspires  our  aesthetic  nature. 

Today's  sense  of  urgency  about  ocean  studies  is  precipitated 
by  human  impacts  on  oceanic  systems  and  the  need  for  a  better 
understanding  of  the  ocean's  role  in  controlling  global  chemical, 
hydrologicai,  and  climate  processes.  The  nation  is  faced  with 
pressing  marine  research  problems  whose  timely  solution  will  re- 
quire increased  cooperation  between  federal  agencies  and  academic 
scientists.  Many  of  these  problems  arise  from  the  need  to  accom- 
modate multiple  uses  of  the  ocean  and  from  the  ever-increasing 
concentration  of  the  U.S.  population  near  its  coasts.  Oceano- 
graphic  research  is  important  to  many  of  the  nation's  social  con- 
cerns, including  the  following: 

•  Global  Change.  The  ocean  plays  a  predominant  role  in 
regulating  both  natural  and  human-induced  changes  in  our  planet. 
The  role  of  ocean  circulation  and  the  coupling  of  the  ocean  and 
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the  atmosphere  are  basic  to  understanding  Earth's  changing  cli- 
mate. Regional  events  such  as  El  Nino  and  ocean  margin  and 
equatorial  upwelling  influence  climate  on  both  seasonal  and  longer 
time  scales.  The  world's  population  is  now  large  enough  to  alter 
the  chemical  composition  of  the  ocean  and  atmosphere  and  to 
impact  the  biological  composition  of  Earth. 

•  Biodiversity.  The  oceans  comprise  a  large  portion  of  Earth's 
biosphere  and  support  a  vast  diversity  of  flora  and  fauna  that  are 
critical  to  Earth's  biogeochemical  cycles  and  serve  as  an  impor- 
tant source  of  food  and  pharmaceuticals.  In  addition  to  the  excit- 
ing discoveries  of  previously  unknown  biota  near  hydrothermal 
vents,  many  deep-ocean  organisms  have  evolved  under  relatively 
stable  conditions.  Their  unique  physiologies  and  biochemistries 
have  not  yet  been  explored  adequately,  and  methods  for  sampling 
the  more  fragile  of  these  species  have  been  developed  only  in  the 
past  decade.  Human  influence  on  marine  biota  has  increased  dra- 
matically, threatening  the  stability  of  coastal  ecosystems.  Some 
species  have  been  overharvested;  others  have  been  transported 
inadvertently  to  areas  where  they  are  not  indigenous,  sometimes 
resulting  in  deleterious  effects  on  native  species.  Still  other  spe- 
cies are  being  cultivated  commercially,  and  aquaculture  facilities 
along  coastlines  are  becoming  commonplace  in  some  countries. 
A  better  understanding  of  the  ecology  of  marine  organisms  is  ur- 
gently needed  to  prevent  irreversible  damage  to  this  living  re- 
source. 

•  Environmental  Quality.  Waste  disposed  in  coastal  areas  has 
reached  the  open  ocean,  with  broad  ramifications  for  living  re- 
sources. This  problem  is  compounded  because  many  marine  spe- 
cies harvested  for  commercial  and  recreational  purposes  spend  a 
portion  of  their  lives  in  coastal  waters  and  estuaries.  Thus,  local 
pollution  can  have  far-reaching  effects. 

•  Economic  Competitiveness.  Economic  prosperity  in  a  glo- 
bal marketplace  depends  increasingly  on  technical  and  scientific 
applications.  There  is  concern  about  the  ability  of  the  United 
States  to  compete  with  Europe  and  Asia.  Basic  and  applied  re- 
search in  marine  science  and  engineering  is  necessary  to  achieve 
and  maintain  a  competitive  position  in  a  host  of  fields,  including 
marine  biotechnology,  aquaculture,  hydrocarbon  and  mineral  ex- 
ploration and  production,  maritime  transportation,  fisheries,  treatment 
and  disposal  of  waste,  and  freshwater  extraction. 

•  National  Security.  Unprecedented  world  political  changes 
are  redefining  national  defense  interests  and  altering  research  and 
development  priorities.     Knowledge  of  the  ocean,  especially  the 
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acoustic  properties  of  marginal  seas  and  coastal  areas,  is  critical 
to  national  defense.  Experience  gained  in  1991  during  the  war  in 
the  Persian  Gulf  highlights  the  need  for  better  information  re- 
lated to  oceanic  and  coastal  processes  and  to  maritime  operations 
and  transportation. 

•  Energy.  The  ocean's  energy  resources  are  essential  to  the 
national  economy  and  national  security.  After  a  decade  of  rela- 
tive neglect,  energy  issues  are  reemerging.  With  oil  supplies  con- 
tinually threatened  by  instability  in  the  Middle  East  and  with 
increasing  atmospheric  carbon  dioxide  viewed  as  a  possible  trig- 
ger of  global  warming,  there  is  a  need  to  look  carefully  at  a  full 
range  of  energy  sources,  from  oil  and  gas  in  our  Exclusive  Eco- 
nomic Zone  to  wave  and  tidal  power  and  ocean  thermal  energy 
conversion.  Better  knowledge  of  the  ocean  and  seabed  is  neces- 
sary to  exploit  responsibly  the  ocean's  untapped  petroleum  and 
natural  gas  resources. 

•  Coastal  Hazards.  This  nation  must  improve  its  prediction 
of  and  response  to  coastal  hazards,  both  natural  and  human  in- 
duced. Hurricanes  Hugo  and  Andrew,  two  of  the  strongest  hurri- 
canes of  the  century,  devastated  parts  of  the  U.S.  East  Coast.  Their 
impact  reinforced  the  need  for  better  predictive  capabilities  and  a 
better  understanding  of  coastal  storm  surges,  flooding,  erosion, 
and  winds.  The  exploration  for,  and  production  of,  petroleum  and 
the  transportation  of  petroleum  and  chemical  products  pose  risks 
to  the  environment  when  spillage  occurs.  The  movement,  effects, 
and  ultimate  fates  of  spilled  products  must  be  understood  for  effec- 
tive public  response.  The  available  information  is  woefully  inad- 
equate, particularly  for  fragile  ecosystems  such  as  coral  reefs. 

Increasing  our  knowledge  about  the  ocean  is  a  matter  of  ur- 
gency. Human-induced  changes  to  the  planet's  oceans  and  atmo- 
sphere will  increasingly  affect  the  global  cycles  that  ultimately 
control  the  number  of  people  our  planet  can  support.  To  predict 
the  results  of  environmental  disturbances  and  prescribe  possible 
remedies,  a  better  understanding  of  Earth's  systems,  including  the 
ocean,  must  be  acquired.  For  example,  an  important  scientific 
and  policy  question  today  is  whether  Earth  will  warm  in  response 
to  increasing  concentrations  of  greenhouse  gases  in  the  atm.osphere 
and,  if  so,  how  quickly.  We  know  that  the  concentrations  of 
these  gases  are  increasing  and  that  the  most  advanced  climate 
models  indicate  that  warming  should  occur.  The  ocean  plays  a 
key  but  poorly  understood  role  in  moderating  both  greenhouse 
gases  and  temperature  change. 

The  coast  of  the  United  States  is  one  of  the  nation's  most 


351 


INTRODUCTION  11 

valuable  geographic  features.  It  is  at  the  junction  of  land  and  sea 
that  most  of  the  nation's  trade  and  industry  take  place.  The 
effectiveness  with  which  the  resources  of  the  coastal  zone  are 
used  is  a  matter  of  national  importance.  The  multiple  uses  of 
valuable  coastal  areas  generate  intense  state  and  local  interest. 
From  1950  to  1984  the  population  in  coastal  counties  grew  more 
than  80  percent.  By  1995,  more  than  three-fourths  of  the  U.S. 
population  will  live  within  50  miles  of  the  coastline. 

Coastal  waters  and  estuaries  provide  food  and  are  the  shelter 
and  spawning  grounds  for  almost  two-thirds  of  the  nation's  com- 
mercial fish  stocks.  Oil,  gas,  and  mineral  resources  in  the  coastal 
waters  are  essential  to  our  national  economy  and  security.  Since 
the  first  offshore  oil  well  was  drilled  off  California  in  1896,  nu- 
merous oil  and  gas  pools  have  been  discovered  near  our  coasts. 

Recent  reports  of  increased  pollution  of  estuarine  and  coastal 
waters  are  cause  for  serious  concern  and  action.  Waste  disposal, 
especially  from  pipelines,  runoff,  and  dumping  at  sea,  jeopardizes 
our  ocean  and  coastal  waters.  The  toll  that  waste  takes  on  the 
ocean  is  persistent  and  growing.  The  continuing  damage  to  estua- 
rine and  nearshore  resources  from  pollution,  development,  and 
natural  forces  raises  serious  doubts  about  the  survival  of  these 
systems.  Better  understanding  of  these  systems  is  essential  for 
good  policy  decisions. 

Policy  decisions  concerning  these  and  many  other  interactions 
of  the  ocean  with  everyday  life  rest  upon  a  sound  scientific  under- 
standing of  the  ocean.  To  the  extent  that  such  policy  decisions 
are  to  be  useful,  they  must  be  consistent  with  the  best  available 
information  about  how  the  system  works:  its  physics,  chemistry, 
geology,  and  biology.  Both  the  government  and  the  scientific  com- 
munity as  a  whole  must  ensure  that  what  is  known  about  the 
ocean  is  made  available  to  policy  makers,  that  what  is  not  known 
is  clearly  stated,  and  that  progress  in  furthering  our  basic  under- 
standing continues. 


MAINTAINING  EXCELLENCE 

Our  nation  excels  in  oceanography.  Since  World  War  II,  the 
United  States  has  been  a  world  leader  in  essentially  every  area  of 
oceanography.  To  maintain  this  excellence  will  require  a  talented 
population  of  scientists,  an  informed  and  educated  public,  a  soci- 
ety that  is  interested  in  and  appreciative  of  new  discoveries,  open 
lines  of  communication  between  oceanographers  and  the  scien- 
tific community  at  large,  and  economic  resources  for  conducting 
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oceanographic  research  on  the  frontiers  of  knowledge.  Excellence 
in  oceanography  also  requires  harmony  between  its  basic  scien- 
tific aims  and  the  pressing  needs  of  society. 

We  cannot  take  for  granted  the  continued  excellence  of  ocean- 
ography in  the  United  States  because  the  foundation  of  facilities 
and  human  resources  developed  in  the  past  must  be  renewed  con- 
stantly. Continued  excellence  in  oceanography  is  essential  to  the 
national  interests  of  the  United  States.  Agencies  that  fund  ocean- 
ography can  help  maintain  the  competence  of  the  field  as  problem 
areas  change.  Flexibility  and  variety  in  scientific  approaches  can 
be  maintained  by  an  extramural  funding  strategy  that  both  re- 
sponds to  changing  problems  and  needs  and  maintains  a  strong 
overall  base  of  scientific  activities  in  the  field  as  a  whole.  It  is 
more  difficult  for  agencies  to  respond  quickly  to  change  through 
their  own  laboratories. 

Vannevar  Bush's  Science:  The  Endless  Frontier  is  still  the  clas- 
sic statement  of  the  essential  ingredients  of  scientific  excellence. 
He  noted  that  "without  scientific  progress  no  amount  of  achieve- 
ment in  other  directions  can  insure  our  health,  prosperity,  and 
security  as  a  nation  in  the  modern  world.  This  essential  new 
knowledge  can  only  be  obtained  through  basic  scientific  research.". 
He  further  stated  that  "basic  research  is  performed  without  thought 
of  practical  ends  .  .  .  leads  to  new  knowledge,  provides  scientific 
capital,  creates  the  funds  from  which  the  practical  applications  of 
knowledge  must  be  drawn."  Finally,  he  stated  that  "government 
must  fund  science  in  accordance  to  certain  fundamental  principles" 
including  the  essentiality  of  quality,  improved  efficiency  of  re- 
search expenditures,  and  increased  cooperation  in  setting  goals 
and  priorities. 

U.S.  OCEANOGRAPHY  SINCE  WORLD  WAR  II 

In  the  aftermath  of  World  War  II,  the  United  States  constructed 
a  scientific  research  mechanism  of  outstanding  success,  which  for 
years  dominated  scientific  progress.  Many  studies  described  the 
nature  of  this  research  enterprise.  A  wide  consensus  exists  that 
much  of  its  success  has  been  due  to  the  partnership  between  the 
federal  agencies  that  became  the  patrons  of  science  and  technol- 
ogy and  the  major  research  universities,  both  public  and  private. 
Marine  science  shared  in  the  general  outstanding  progress,  although 
its  history  is  exceptional  in  several  ways. 

The  war  thrust  the  United  States  into  global  affairs,  and  its 
many  sea  campaigns  not  only  drew  public  interest  to  the  ocean 
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but  also  highlighted  our  ignorance  of  it.  Most  members  of  the 
small  marine  science  community  turned  to  military-oriented  work 
in  uniform,  in  the  civil  service,  or  at  universities  and  related 
institutions.  Academic  ships,  as  well  as  those  of  the  federal  gov- 
ernment, were  put  to  work  on  Navy  research  and  surveying  tasks. 
The  Navy  needed  and  received  oceanographic  help  in  everything 
from  submarine  warfare  to  amphibious  landings.  Although  this 
assistance  contributed  to  the  war  effort,  of  even  more  importance, 
it  impressed  on  the  nation  the  fact  that  marine  science  was  not 
an  abstract  endeavor  but  could  contribute  to  the  public  good  in 
many  fields. 

The  plan  of  Vannevar  Bush  at  the  end  of  World  War  II  for 
government  support  of  university  science  led  to  the  formation  of 
the  Office  of  Naval  Research  (ONR).  It  was  charged  with  ensur- 
ing the  development  of  strong  academic  research  programs  in  sci- 
entific fields  of  interest  to  the  Navy.  The  growing  Cold  War  and 
the  threat  from  both  surface  and,  particularly,  submarine  vessels 
led  ONR  to  conclude  that  expanding  and  generally  strengthening 
the  basic  science  of  the  ocean  were  in  the  national  interest.  With 
ONR's  financial  backing,  existing  marine  research  centers  were 
expanded  and  new  ones  created.  Initially,  ONR  was  more  con- 
cerned with  institutional  support  than  with  program  definition. 
There  was  generally  only  one  contract  per  institution,  proposals 
of  work  were  often  loosely  defined,  and  the  director  of  the  institu- 
tion had  considerable  discretion  in  transferring  funds  from  one 
investigator  to  another.  In  1950,  the  National  Science  Foundation 
(NSF),  dedicated  primarily  to  the  support  of  peer-reviewed  single- 
investigator  research  in  the  academic  community,  was  created. 

The  postwar  and  post-Sputnik  periods  from  1960  to  1980  were 
marked  by  a  national  awareness  of  the  rest  of  the  world  and  an 
intense  interest  in  science.  These  encouraged  international  coop- 
eration in  research,  tempered  strongly  by  a  U.S.  desire  to  achieve 
world  leadership  in  science  and  technology.  In  marine  science, 
interest  grew  from  our  coastlines  to  the  globe,  leading  to  such 
major  ocean-related  programs  as  the  International  Geophysical  Year, 
the  Deep  Sea  Drilling  Project,  and  the  International  Decade  of 
Ocean  Exploration.  Through  both  its  small  science  programs  and 
large  coordinated  programs,  NSF  rapidly  became  a  significant  sup- 
porter of  oceanography  and  is  now  the  dominant  supporter  of  aca- 
demic ocean  research.  The  Navy,  which  almost  single  handedly 
provided  impetus  and  financial  support  for  the  postwar  academic 
expansion  in  oceanography,  has  progressively  concentrated  its  support 
in  a  relatively  limited  number  of  Navy-relevant  areas  and  in  pro- 
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viding  major  oceanographic  research  vessels.  NSF  has  increas- 
ingly borne  the  costs  of  both  research  and  ship  operations. 

The  National  Oceanic  and  Atmospheric  Administration  (NOAA), 
established  in  1970,  has  developed  several  mechanisms  for  work- 
ing with  the  academic  community.  NOAA's  National  Sea  Grant 
College  Program  added  a  new  dimension  to  university  marine  sci- 
ence programs  by  concentrating  primarily  on  applied  coastal  re- 
search and  developing  extension  and  public  information  networks. 
In  particular,  Sea  Grant  supported  areas  of  marine  science  not 
emphasized  by  ONR  and  NSF — the  study  of  estuaries,  fisheries, 
and  pollution  and  the  transition  of  such  research  to  practical  ap- 
plications. The  proximity  of  NOAA  oceanographic  and  fisheries 
laboratories  to  academic  institutions  leads  to  opportunities  for 
joint  educational  and  research  programs,  of  benefit  to  both  the 
academic  and  the  federal  laboratories.  NOAA  provides  compara- 
tively modest  extramural  research  funds  as  part  of  its  Climate 
and  Global  Change  Program  and  its  Coastal  Ocean  Program  and 
through  the  National  Marine  Fisheries  Service.  Other  federal  agencies 
support  academic  scientists,  notably  the  Departments  of  Interior 
and  Energy,  the  Environmental  Protection  Agency,  and  the  Na- 
tional Aeronautics  and  Space  Administration. 

In  the  past  decade,  oceanography  has  incorporated  new  tech- 
nologies from  other  fields,  for  example,  space  research,  electron- 
ics, and  computer  science.  A  fundamental  change  arising  from 
the  use  of  new  technologies  has  been  an  increase  in  both  the 
quality  and  the  quantity  of  data  collected.  Thus  each  oceanographer's 
capacity  to  study  ocean  phenomena  has  increased  dramatically. 
This  increase  has  also  increased  the  cost  of  each  oceanographer's 
scientific  research. 

Another  significant  change  is  the  planning,  primarily  with  NSF 
support,  of  large-scale,  long-term  global  research  programs  that 
focus  the  work  of  many  scientists  on  global  ocean  questions.  These 
large  programs  are  part  of  the  overall  scientific  quest.  They  are 
usually  managed  by  international  consortia  that  involve  many 
scientists,  multiple  agencies,  and  often  a  number  of  countries. 
The  experience  of  working  in  these  programs  will  lead  us  to  ask 
different  questions  and  to  explore  different  mechanisms  of  work- 
ing together  in  the  next  decade. 

U.S.  STYLE  OF  LARGE  PROGRAM  MANAGEMENT 

Since  the  1970s,  U.S.  marine  scientists  and  the  federal  govern- 
ment have  shown  remarkable  ingenuity  in  developing  mechanisms 


355 


INTRODUCTION  "  21 

to  meet  the  challenges  of  large  new  programs.  Instead  of  develop- 
ing large  permanent  organizations  with  new  facilities  as  in  some 
other  countries,  U.S.  programs,  such  as  the  Mid-Ocean  Dynamics 
Experiment,  Geochemical  Ocean  Sections,  Coastal  Upwelling  Eco- 
systehi  7\nalysis,  and  the  Climate:  Long-Range  hivestigation.  Mapping, 
and  Prediction  projects,  have  evolved  differently.  Large  programs 
typically  developed  within  the  academic  community  through  work- 
shops. The  community  formed  scientific  steering  groups,  which 
were  accepted  and  funded  by  NSF  and  other  federal  agencies,  and 
set  up  program  offices.  These  offices  are  located  at  academic 
institutions,  and  program  staff  is  hired  for  the  project  duration. 
The  program  office  may  move  as  the  leadership  of  the  program 
changes.  Upon  completion  of  the  research  program,  the  staff  as- 
sumes other  duties  and  the  facilities  are  used  for  other  purposes, 
so  there  is  no  long-term  drain  on  agency  resources. 

OCEANOGRAPHIC  RESEARCH,  NATIONAL 
AND  INTERNATIONAL 

Oceanographic  research  involves  studies  of  the  motion  of  the 
water,  the  distribution  of  marine  life,  and  the  interaction  of  sea- 
water  with  ocean  boundaries.  Knowledge  of  the  exchanges  of 
energy,  heat,  and  mass  at  the  ocean-atmosphere  interface  is  im- 
portant to  climate  and  weather  prediction.  Oceanographic  re- 
search has  advanced  from  the  past  era  of  exploration  to  one  of 
observation  and  description  of  ocean  systems  and  of  processes 
within  the  ocean  and  among  the  ocean,  atmosphere,  and  ocean 
basins  and  boundaries.  Because  of  the  advances  in  satellite  obser- 
vation, computer  modeling,  and  technology  (e.g.,  global  position- 
ing systems  and  acoustic  tomography),  the  coming  decade  of  re- 
search holds  much  promise. 

The  ocean  science  community  has  developed  several  multi- 
institutional,  interdisciplinary  research  programs  that  should  sig- 
nificantly improve  our  knowledge  of  physical,  chemical,  geologi- 
cal, and  biological  processes  occurring  in  the  ocean.  One  important 
goal  of  these  programs  is  to  understand  ocean  processes  in  suffi- 
cient detail  to  allow  predictions  to  be  made  of  the  impact  of  hu- 
man activities  on  the  environment.  Because  of  the  global  scale  of 
many  environmental  problems  and  the  substantial  resources  (i.e., 
financial,  infrastructure,  and  human)  required,  large  ocean  research 
programs  are  often  cooperative  international  efforts. 

The  nation's  academic  capability  in  ocean  science  is  robust. 
It  is  reflected  in  strong  academic  departments  at  many  public  and 
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private  universities,  mixed  v^ith  a  few  large  oceanographic  cen- 
ters. U.S.  academic  oceanographers  are  internationally  recognized 
leaders  who  are  key  to  international  scientific  activity.  Although 
the  United  States  funds  perhaps  half  of  the  global  total  of  oceano- 
graphic research  in  many  of  its  disciplines,  international  coopera- 
tion is  vital  for  achievement  of  the  goals  of  most  large  global 
research  programs.  The  academic  community  could  contribute 
significantly  to  the  study  of  the  ocean  and  to  solutions  to  the 
spectrum  of  ocean-related  environmental  problems  now  facing  the 
nation  and  the  world. 


THIS  REPORT 

Objectives 

This  report  has  three  major  objectives.  The  first  is  to  docu- 
ment and  discuss  important  trends  in  the  human,  physical,  and 
fiscal  resources  available  to  oceanographers,  especially  academic 
oceanographers,  over  the  last  decade.  Its  second  goal  is  to  present 
the  board's  best  assessment  of  the  scientific  opportunities  in  physical 
oceanography,  marine  geochemistry,  marine  geology  and  geophys- 
ics, biological  oceanography,  and  coastal  oceanography  during  the 
upcoming  decade.  The  third  and  principal  objective  is  to  provide 
a  blueprint  for  more  productive  partnerships  between  academic 
oceanographers  and  federal  agencies.  The  board  attempts  to  do 
this  by  developing  a  set  of  general  principles  that  should  provide 
the  basis  for  building  improved  partnerships  and  by  discussing 
critical  aspects  of  the  specific  partnerships  for  each  federal  agency 
with  a  significant  marine  program. 

Contents 

Chapter  1  introduces  the  importance  of  the  ocean  to  society 
and  the  need  for  maintaining  excellence  in  marine-related  research 
and  education.  The  growth  of  U.S.  academic  oceanography  since 
World  War  II  and  the  structure  of  both  national  and  international 
research  are  discussed. 

Chapter  2  discusses  partnerships  in  ocean  science.  A  general 
partnership  theme  is  presented,  followed  by  specific  partnership 
possibilities  with  agencies  of  the  federal  government.  This  report 
does  not  discuss  partnerships  with  states  and  industry,  which  may 
be  explored  by  the  board  at  a  later  time. 

Chapter  3  details  some  of  the  scientific  opportunities  of  the 
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next  decade  and  some  of  the  most  important  ongoing  research 
programs.  It  describes  opportunities  and  programs  for  each  of  the 
four  major  subdisciplines  of  oceanography:  physical,  chemical, 
geological,  and  biological,  as  well  as  for  the  interdisciplinary  area 
of  coastal  oceanography. 

Chapter  4  presents  information  about  the  infrastructure  of  ocean- 
ography. Included  is  a  discussion  of  the  human,  physical,  and 
fiscal  resources.  This  initial  overview  of  the  field's  resources 
raises  many  questions  that  should  be  examined  at  a  later  date.  In- 
depth  analysis  and  synthesis  remain  to  be  carried  out. 
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Toward  New  Partnerships 
in  Ocean  Sciences 


Since  about  1950,  scientific  research  in  the  United  States  has 
been  characterized  by  federal  funding  of  academic  scientists  to 
conduct  research  of  general  interest  to  the  government.  This 
defines  a  partnership  of  sorts,  a  mutually  beneficial  relationship 
between  the  federal  government  and  academic  scientists.  In  ocean 
science  to  date,  these  traditional  partnerships  have  consisted  pri- 
marily of  scientists  in  academic  and  private  institutions  submit- 
ting proposals  to  the  National  Science  Foundation  (NSF)  and  the 
Office  of  Naval  Research  (ONR).  This  funding  system  is  powerful 
and  flexible,  allowing  NSF  and  ONR  to  fund  excellent  scientists 
whose  areas  of  expertise  are  those  necessary  to  solve  problems  at 
the  forefront  of  oceanography.  The  two  agencies  encourage  and 
sustain  basic  research  programs  at  academic  and  private  laborato- 
ries. The  numerous  federal  agencies  involved  in  marine  science 
and  policy  differ  greatly  in  their  use  of  marine  science  knowledge 
and  in  their  responsibility  to  the  academic  community.  Agency 
responsibilities  range  from  NSF's  and  ONR's  active  promotion  of 
the  health  of  basic  science  to  highly  specific  and  practical  rule- 
making procedures  of  the  Environmental  Protection  Agency  (EPA). 
The  National  Oceanic  and  Atmospheric  Administration  (NOAA) 
has  a  wide  range  of  responsibilities  in  ocean  matters  but  is  just 
beginning  to  develop  significant  research  programs  in  many  of  its 
areas  of  responsibility.    The  future  vitality  of  basic  oceanographic 
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research  within  academia  may  depend  on  its  forging  productive 
partnerships  with  NOAA.  No  simple  description  can  usefully 
encompass  the  range  of  partnerships  between  federal  agencies  and 
the  academic  oceanography  community.  However,  under  the  tra- 
ditional arrangement,  mission  agencies  (e.g.,  EPA)  received  rela- 
tively little  direct  intellectual  input  from  academic  and  private 
scientists,  and  provided  relatively  little  funding  to  academic  insti- 
tutions. Yet,  although  such  agencies  have  relied  on  academic 
scientists  for  much  of  the  basic  knowledge  required  to  understand 
policy  questions,  they  have  not  assumed  a  serious  responsibility 
to  advance  that  knowledge.  These  agencies,  whose  short-term 
missions  often  require  applied  research,  rely  primarily  on  agency 
scientists  to  carry  out  their  missions  with  optimal  short-term 
efficiency. 

The  traditional  scientific  partnerships  that  have  existed  over 
the  past  40  years  are  likely  to  change  because  the  focus  of  ocean- 
ography and  the  way  it  is  carried  out  are  changing.  Increased 
emphasis  on  the  global  scale  and  on  multidisciplinary  research, 
the  changing  emphasis  of  naval  oceanography,  and  increasingly 
limited  resources  relative  to  an  expanded  capacity  to  conduct  sci- 
ence by  using  modern  instrumentation  and  computing  are  all  con- 
tributing to  change.  These  factors  are  pushing  the  field  of  ocean- 
ography toward  serious  consideration  of  the  greater  efficiency  that 
could  be  achieved  by  a  better  coordinated  national  oceanography 
effort. 

Our  nation  is  faced  with  many  pressing  problems  whose  solu- 
tions would  benefit  from  increased  cooperation  between  federal 
agencies  and  nongovernmental  scientists.  Ocean  research  pro- 
grams that  developed  from  scientists'  curiosity  about  nature  have 
a  new  social  context  and  urgency.  A  salient  example  is  global 
change  in  all  its  aspects,  including  ocean  circulation,  air-sea  transfer 
of  gases,  response  of  organisms,  sea-level  rise,  and  other  effects  of 
a  potentially  warming  Earth.  A  balance  should  be  maintained 
between  the  complementary  approaches  of  large  programs  and  in- 
dividual investigator  science  in  order  to  preserve  the  diversity  and 
vigor  of  the  field.  Individual  investigator  science  can  be  a  fertile 
source  of  innovative  ideas,  whereas  large  programs  can  garner  the 
resources  for  global-scale  studies  and  can  add  momentum,  collec- 
tive wisdom,  and  resources  for  long-range  planning. 

A  major  impetus  for  new  partnerships  in  oceanography  is  the 
realization  that  a  global  scale  of  study  is  now  both  possible  and 
desirable.  The  design  and  deployment  of  a  global  ocean  observing 
system,  now  being  discussed,  will  be  possible  only  with  coopera- 
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tion  among  the  world's  ocean  scientists  and  its  governments.  Such 
a  system  will  be  necessary  for  obtaining  enough  long  time-series 
global  data  to  understand  the  global  climate  system  and  predict 
its  response  to  human  influence. 

Oceanography  is  changing  rapidly  from  its  focus  on  the  capa- 
bilities and  interests  of  single  or  small  groups  of  investigators 
involved  in  studies  of  limited  duration  to  a  focus  on  scientific 
questions  of  global  scope,  involving  large  numbers  of  individuals, 
institutions,  and  governments;  spanning  decades;  and  having  ma- 
jor significance  to  society.  The  role  of  the  individual  investigator 
in  this  context  has  not  lessened.  Mechanisms  must  be  developed 
by  which  these  new  large-scale  efforts  are  sustained  in  a  scientifi- 
cally and  technically  sound  manner  and  the  plans  of  a  variety  of 
federal  agencies  and  nations  are  coordinated. 

A  major  reason  for  the  preeminence  of  U.S.  marine  science  is 
the  great  diversity  of  institutions  in  the  field.  This  diversity  is  a 
key  to  future  strength  and  it  needs  to  be  maintained.  This  state- 
ment does  not  suggest,  however,  that  the  present  numbers  and 
types  of  institutions  are  necessarily  optimal  for  the  future. 

GENERAL  PARTNERSHIP  THEMES 

The  health  of  the  marine  sciences  in  the  United  States  must 
be  maintained  because  of  the  continuous  need  for  fundamental 
knowledge  as  the  basis  for  developing  sound  public  policy.  The 
health  of  ocean  science  depends  on  a  complex  symbiosis  that  must 
be  constantly  nurtured.  The  academic  and  private  oceanographic 
institutions,  working  with  the  federal  government,  have  shown 
remarkable  ingenuity  in  developing  mechanisms  to  coordinate  multi- 
institutional  resources  (e.g.,  the  University-National  Oceanographic 
Laboratory  System  (UNOLS)  and  the  Joint  Oceanographic  Institu- 
tions, Inc.  (JOI)).  UNOLS  is  a  multi-institution  system  for  coordi- 
nating scheduling,  safety,  refitting,  and  replacement  of  academic 
oceanographic  vessels.  JOI,  governed  by  representatives  of  10  of 
the  largest  oceanographic  institutions,  was  founded  initially  to 
manage  the  Deep  Sea  Drilling  Project;  JOI  now  undertakes  broader 
responsibilities  for  large  programs  and  new  technology.  In  addi- 
tion, several  research  programs  (e.g.,  the  Tropical  Ocean-Global 
Atmosphere  program,  Mid-Ocean  Dynamics  Experiment,  Geochemical 
Ocean  Sections,  and  Coastal  Upwelling  Ecosystem  Analysis)  suc- 
cessfully combined  the  efforts  of  U.S.  government  agencies,  agen- 
cies of  other  countries,  and  federal  and  nongovernmental  scien- 
tists, both  domestically  and  internationally. 
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As  the  context  in  which  oceanography  is  conducted  changes, 
how  can  partnerships  between  federal  agencies  and  oceanographers 
in  academic  and  private  institutions  be  strengthened  and  improved? 
In  general,  the  partnerships  must  extend  beyond  financial  rela- 
tionships to  include  the  sharing  of  intellect,  data,  instrument  de- 
velopment, facilities,  and  labor.  Key  elements  in  such  partner- 
ships are  encouraging  individual  scientists  to  take  intellectual 
risks  in  advancing  basic  knowledge,  providing  support  that  is  tied 
to  solving  existing  problems,  and  encouraging  scientists  to  coop- 
erate in  the  development  of  large  shared  research  endeavors. 

Communication 

Many  mission  agencies  and  academic  scientists  have  little  ex- 
perience interacting  with  one  another,  but  both  groups  would  benefit 
from  doing  so.  The  board  recommends  that  each  agency  with  an 
ocean  mission  and  without  existing  strong  links  to  the  nongovernment 
community  establish  permanent  mechanisms  for  ensuring  outside 
scientific  advice,  review,  and  interaction.  The  obvious  advantage 
of  external  consultation  is  that  it  provides  an  objective  evaluation 
of  agency  needs  and  poses  possible  solutions  from  a  new  perspec- 
tive. The  National  Research  Council  (NRC)  is  but  one  possible 
source  of  external  advice.  These  advisory  groups  should  report  to 
a  level  sufficiently  high  that  their  views  are  presented  directly  to 
agency  policy  makers  and  the  relationships  are  eventually  institu- 
tionalized to  establish  a  collective  memory. 

The  board  recognizes  that  the  existence  of  multiple  marine 
agencies  with  differing  mandates  brings  a  vigor  and  diversity  to 
the  field.  However,  the  lack  of  coordination  and  cooperation  among 
agencies  that  conduct  or  sponsor  marine  research  detracts  from 
this  advantage.  Informal  attempts  at  coordination  have  been  largely 
unsuccessful;  a  formal  mechanism  is  necessary.  The  board  rec- 
ommends that,  because  no  single  agency  is  charged  with  and  able 
to  oversee  the  total  national  marine  science  agenda,  an  effective 
means  be  found  for  the  agencies  to  interact  at  the  policy  level  and 
formulate  action  plans. 

One  model  for  such  interaction  is  the  Committee  on  Earth 
and  Environmental  Sciences  of  the  Federal  Coordinating  Council 
for  Science,  Engineering,  and  Technology.  Regardless  of  the  coor- 
dinating mechanism  chosen,  it  must  permit  the  agencies  to  de- 
velop a  synergistic  approach  to  addressing  national  problems  and 
to  coordinating  programs  and  infrastructure.  High-priority  tasks 
for  such  a  group  would  be  examination  of  the  appropriate  balance 
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between  individual  investigator  awards  and  large  project  support 
and  the  establishment  of  guidelines  for  the  large,  global  change 
projects. 

Agency  Responsibility  to  Basic  Science 

The  vitality  of  basic  ocean  research  in  the  United  States  re- 
sides principally  in  its  academic  institutions.  The  board  recom- 
mends that  federal  agencies  with  marine-related  missions  find 
mechanisms  to  guarantee  the  continuing  vitality  of  the  underly- 
ing basic  science  on  which  they  depend.  In  some  agencies,  the 
best  mechanism  is  direct  funding  of  individual  investigator  grants,- 
in  others,  consultation  and  collaboration  work  well.  NSF  and, 
secondarily,  ONR  should  retain  primary  responsibility  for  the  vi- 
tality of  the  basic  science,  with  NOAA  becoming  increasingly  in- 
volved. Also,  mission  agencies  such  as  EPA  and  the  Department  of 
Energy  (DOE)  must  share  more  fully  in  this  responsibility.  It  is  par- 
ticularly important  to  encourage  the  involvement  of  mission  agen- 
cies in  sampling  and  monitoring  programs  pertaining  to  long-term 
global  change  issues.  At  present,  a  disproportionate  share  of  the 
funds  is  provided  by  NSF.  As  these  programs  expand,  resources 
for  individual  investigator  grants  could  be  reduced  if  other  agen- 
cies do  not  assume  responsibility  for  some  of  the  funding 

Responsibility  of  Academic  Institutions 

Through  the  years,  academic  oceanographic  institutions  evolved 
different  organizational  structures  ranging  from  typical  academic 
departments  to  large  comprehensive  institutions  that  operate  multiple 
ships  and  shared  facilities.  As  the  benefits  of  cooperation  became 
evident,  arrangements  for  the  cooperative  use  of  ships  and  some 
other  facilities  have  developed.  The  board  recommends  that  aca- 
demic oceanographic  institutions  find  additional  ways  to  achieve 
cohesiveness  among  the  institutions  and  a  sense  of  common  sci- 
entific direction.  It  is  essential  that  this  cooperation  be  achieved 
at  both  the  administrative  and  the  working-scientist  levels  so  that 
the  interactions  are  based  on  the  needs  of  science  as  well  as  the 
needs  of  the  institutions.  The  board  also  recommends  that  aca- 
demic institutions,  individually  or  through  consortia,  take  a  greater 
responsibility  for  the  health  of  the  field,  including  nationally  im- 
portant programs.  In  particular,  the  large,  long-lived  global  change 
programs  could  benefit  from  institutional  responses  that  are  of 
longer  duration  and  more  stable  than  those  of  individual  scien- 
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tists.  Also,  the  heavy  dependence  of  academic  oceanographers  on 
federal  support,  compared  with  other  fields,  suggests  that  aca- 
demic institutions  should  explore  mechanisms  for  the  stable  sup- 
port of  their  researchers.  Academic  scientists  have  a  responsibil- 
ity to  help  the  federal  agencies  that  fund  them  when  it  comes  to 
applying  research  results  to  agency  missions.  Partnerships  imply 
shared  responsibilities  and  anticipation  of  the  future  needs  of  both 
partners. 

Sharing  oi  Academic  and  Federal  Resources 

The  board  recommends  that  federal  and  academic  researchers 
improve  the  sharing  of  data,  the  cooperative  use  of  facilities,  and 
the  conduct  of  joint  research.  Some  mission  agencies  encourage 
cooperation  with  academic  scientists,  but  increased  formal  inter- 
action could  significantly  improve  the  efficiency  of  the  national 
oceanographic  effort.  The  major  facility  available  to  the  marine 
science  community,  the  research  fleet,  is  a  national  resource. 
Maintaining,  developing,  and  operating  the  fleet  in  the  most  effi- 
cient and  cost-effective  manner  should  be  paramount  in  all  dis- 
cussions of  shared  resources. 

Development  of  Instrumentation 

Some  advancement  of  oceanographic  knowledge  has  come  through 
the  development  of  new  observational  technologies.  Effective  op- 
erational systems  to  solve  the  complex  problems  facing  mission 
agencies  will  consist  largely  of  instruments  that  either  do  not 
now  exist  or  have  not  yet  been  redesigned  for  oceanography.  The 
development  of  both  in  situ  and  satellite  oceanographic  instru- 
mentation requires  a  long-term  investment  in  novel  technologies 
and  in  the  extensive  field  trials  necessary  to  make  instruments 
operational.  The  board  recommends  that  to  ensure  continued 
progress  in  instrumentation,  new  mechanisms  be  found  to  address 
the  long  time  frames  necessary  for  instrument  development  in 
oceanography.  Mission  agencies,  whose  future  success  will  de- 
pend increasingly  on  instrumentation  that  does  not  yet  exist,  should 
initiate  suitable  roles  in  the  development  of  new  technology. 

Transfer  of  Responsibility 

The  division  of  tasks  between  academic  scientists  and  agen- 
cies will  depend  on  the  agencies'  missions,  resources,  and  internal 
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capabilities  vis-a-vis  the  academic  community's.  Mechanisms  must 
be  developed  to  provide  smooth  transition  from  research  activi- 
ties to  operational  measurements.  In  particular,  the  proposed  glo- 
bal ocean  observation  system  will  necessitate  unprecedented  lev- 
els of  monitoring.  The  board  recommends  that  academia  and 
federal  agencies  work  together  to  ensure  that  appropriate  long- 
term  measurements  are  extended  beyond  the  work  of  any  indi- 
vidual scientist  or  group  of  scientists  and  that  the  quality  of  such 
measurements  is  maintained. 


Data  Management  and  Exchange 

The  board  recommends  that  the  present  system  for  data  man- 
agement and  exchange  within  and  among  the  various  elements  of 
the  marine  science  community  be  modernized  to  reflect  the  exist- 
ence of  distributed  computing  systems,  national  and  international 
data  networks,  improved  satellite  data  links,  and  on-line  distribu- 
tion of  oceanographic  data.  Also,  provision  must  be  made  for 
future  access  to  existing  data. 

SPECIFIC  PARTNERSHIPS 

These  general  recommendations  form  the  basis  for  building 
new  partnerships  between  federal  and  academic  interests  in  ocean 
science.  Of  course,  they  do  not  apply  to  all  agencies  to  the  same 
degree.  This  section  discusses  aspects  of  specific  partnerships  of 
the  academic  oceanography  community  with  each  federal  agency 
having  a  significant  ocean  program. 

Oceanography  is  nov/  supported  by  a  number  of  federal  agen- 
cies using  a  variety  of  mechanisms.  Federal-academic  arrange- 
ments differ;  the  paternal  care  by  the  early  ONR  immediately 
after  World  War  II,  the  creation  of  NSF  to  foster  basic  research, 
the  mandated  joint  fiscal  partnership  of  the  National  Sea  Grant 
College  Program,  and  cooperative  agreements  between  academic 
institutions  and  federal  laboratories  are  salient  examples.  This 
section  explores  aspects  of  establishing  new  partnerships  between 
academia  and  several  federal  agencies:  NSF,  the  Navy,  NOAA, 
EPA,  the  Minerals  Management  Service  (MMS),  the  National  Aero- 
nautics and  Space  Administration  (NASA),  DOE,  and  the  U.S.  Geo- 
logical Survey  (USGS).  The  discussions  are  not  meant  to  be  in- 
clusive. Further,  these  discussions  are  sketches  of  issues  and 
possibilities,  not  definitive  blueprints.  The  design  of  new  part- 
nerships and  their  sustenance  must  be  a  fully  collaborative  pro- 
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cess  between  agency  representatives  and  marine  scientists  in  aca- 
demic institutions.  Some  collaboration  has  already  occurred;  other 
cooperative  arrangements  need  to  be  developed. 

Partnerships  between  the  academic  community  and  the  agen- 
cies that  fund  ocean  research  can  be  improved  in  several  ways. 
One  major  improvement  would  be  for  the  academic  institutions 
to  make  it  career  enhancing  and  attractive  for  scientists  to  serve 
as  short-term  scientific  officers  (rotators)  at  federal  agencies.  There 
is  a  perennial  shortage  of  rotators  at  these  agencies.  Rotators 
should  be  respected  among  their  peers  within  the  academic  com- 
munity, and  assignments  should  be  chosen  carefully  to  benefit 
both  the  government  and  the  scientist.  Also,  scientists  should  be 
rewarded  for  service  on  federal  advisory  panels  and  on  commu- 
nity-wide management  groups  such  as  the  committees  of  the  Ocean 
Drilling  Program. 

National  Science  Foundation 

The  National  Science  Foundation  was  formed  in  1950  to  in- 
crease the  nation's  base  of  scientific  and  engineering  knowledge 
and  to  strengthen  its  ability  in  research  and  education  in  all  areas 
of  science  and  engineering.  NSF  supports  fundamental,  long-term, 
merit-selected  research  in  all  the  scientific  and  engineering  disci- 
plines, including  oceanography.  NSF  maintains  strong  relation- 
ships with  academic  scientists  and  is  the  major  source  of  funding 
for  basic  ocean  research. 

NSF  depends  heavily  on  external  scientists  for  program  man- 
agement, program  review,  individual  peer  review  of  proposals,  and 
review  panel  memberships.  The  Division  of  Ocean  Sciences  (OCE) 
is  the  primary  supporter  of  ocean  science  research  within  NSF, 
v/ith  specific  programs  for  physical  oceanography,  chemical  ocean- 
ography, biological  oceanography,  marine  geology  and  geophysics, 
ocean  technology,  the  Ocean  Drilling  Program,  and  a  program  to 
support  facilities  for  oceanography.  Ocean  science  research  is 
also  supported  by  the  Division  of  Polar  Programs,  Division  of 
Atmospheric  Sciences,  Division  of  Earth  Sciences,  and  Division  of 
Environmental  Biology. 

OCE  depends  on  its  Advisory  Committee  on  Ocean  Sciences 
(ACOS),  which  prepares  long-range  plans  for  the  Division  of  Ocean 
Sciences.  These  plans,  prepared  with  input  from  the  ocean  sci- 
ence community,  identify  needs  and  priorities  for  ocean  science 
research  and  research  infrastructure.  The  past  two  plans  were 
reviewed  by  the  Ocean  Studies  Board  (OSB).   A  new  strategic  plan 
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for  ocean  sciences  is  being  prepared  by  ACOS,  and  OSB  is  ex- 
pected to  be  involved. 

The  Ocean  Studies  Board  (in  conjunction  v^ith  the  NRC  Board 
on  Earth  Sciences  and  Resources)  reviewed  the  Ocean  Drilling 
Program  Long-Range  Plan.  NSF  also  depends  on  outside  groups 
for  program  and  facility  management.  For  example,  the  Ocean 
Drilling  Program  receives  advice  from  the  Joint  Oceanographic 
Institutions  for  Deep  Earth  Sampling,  an  international  consortium 
with  advisory  groups  of  scientists  from  the  academic  community. 

The  present  partnership  is  basically  healthy,  and  the  contin- 
ued vigor  of  marine  science  will  depend  more  than  ever  on  NSF 
leadership  in  maintaining  the  fundamental  science.  Numerous 
aspects  of  the  partnership  require  constant  attention:  the  need  for 
NSF  to  broker  interagency  funding  for  basic  science  as  its  own 
resources  are  outstripped;  the  balance  between  organized  scien- 
tific efforts  and  individual  investigator,  independent  grants;  and 
determination  of  the  proper  balance  among  disciplines. 

Department  of  the  Navy 

The  Office  of  Naval  Research  has  enjoyed  a  healthy  partner- 
ship with  the  academic  oceanographic  community  since  its  incep- 
tion. Specifically,  ONR  funded  basic  academic  research  and  was 
largely  responsible  for  the  early  development  and  maintenance  of 
oceanography.  The  academic  partnership  with  ONR  has  been  in- 
tellectual as  well  as  financial.  ONR  depends  on  external  scien- 
tists to  review  its  programs  through  site  and  program-level  re- 
views and  to  help  develop  its  science  programs  through  topical 
workshops.  ONR  also  receives  academic  advice  on  program  op- 
portunities from  the  Naval  Studies  Board  and  Marine  Board  of  the 
NRC  and  the  Navy  Committee  of  the  Ocean  Studies  Board.  Addi- 
tional academic  input  is  gained  from  rotators  who  come  to  ONR 
from  the  academic  community  for  a  few  years  and  then  return  to 
academia.  ONR's  support  of  academic  ship  operations  has  de- 
clined in  the  past  few  years,  which  has  led  to  questions  about  its 
balance  of  field  and  theoretical  programs.  A  joint  ONR-academic 
study  of  this  balance  would  be  useful. 

With  the  end  of  the  Cold  War,  the  focus  of  Navy-funded  re- 
search is  almost  surely  going  to  shift,  along  with  the  general  level 
and  direction  of  Defense  Department  funding.  For  example,  it  has 
been  suggested  that  the  recent  war  in  the  Persian  Gulf  implies  a 
greater  focus  on  nearshore  problems.  However,  the  Navy,  along 
with  NSF,  has  been  the  backbone  of  the  U.S.  commitment  to 
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basic  ocean  science  with  a  long-term  view.  Any  diminishing  of 
that  commitment  can,  in  the  long  run,  undermine  both  science 
and  national  security.  The  board  notes,  for  example,  that  the 
Office  of  Naval  Research  is  virtually  the  only  federal  agency  sup- 
porting basic  research  in  ocean  acoustics. 

The  Navy  recently  completed  a  major  consolidation  of  its  labo- 
ratories. The  result  is  one  "corporate"  laboratory,  the  Naval  Re- 
search Laboratory  (NRL),  and  four  centers:  the  Naval  Air  Warfare 
Center,  the  Naval  Surface  Warfare  Center,  the  Naval  Undersea 
Warfare  Center,  and  the  Naval  Command  Control  and  Ocean  Sur- 
veillance Center.  These  organizations,  which  primarily  conduct 
research  on  weapon  systems  and  sensors,  provide  limited  general 
funding  and  program  support  to  the  academic  research  commu- 
nity. In  addition,  NRL  has  a  strong  continuing  relationship  with 
the  applied  physics  laboratories  of  four  universities:  Johns  Hopkins 
University,  the  University  of  Washington,  Pennsylvania  State  Uni- 
versity, and  the  University  of  Texas  at  Austin.  As  the  nation 
faces  budgetary  constraints,  it  is  likely  that  NRL  and  its  centers 
will  explore  more  cooperative  activities  with  the  academic  re- 
search com.munity,  especially  in  light  of  the  reduction  in  number 
of  the  Navy's  dedicated  oceanographic  ships. 

The  Office  of  Naval  Technology  supports  Navy  laboratories, 
universities,  and  private  corporations  to  carry  out  its  mission  in 
the  Navy's  Exploratory  Development  (6.2)  program.  The  academic 
institutions  refine  and  transfer  basic  research  results  into  techni- 
cal feasibility  and  demonstration  plans. 

The  Oceanographer  of  the  Navy,  who  serves  on  the  staff  of  the 
Chief  of  Naval  Operations,  is  primarily  responsible  for  providing 
the  oceanographic  products  and  services  needed  by  the  Navy's 
operational  forces.  In  terms  of  direct  funding  of  research,  the 
Office  of  the  Oceanographer  of  the  Navy  and  its  supporting  orga- 
nizations have  only  a  modest  relationship  with  the  academic  re- 
search community.  However,  the  oceanographer's  office  provides 
the  oceanographic  community  with  access  to  global  data  sets  and 
modeling  capability.  Data  available  from  the  Navy's  monitoring 
network  could  be  an  important  component  of  a  global  ocean  ob- 
serving system.  The  Navy  possesses  classified  data  about  the 
ocean  that  could  benefit  ocean  science  research  without  compro- 
mising national  security.  It  is  noteworthy  that  the  Office  of  the 
Oceanographer  of  the  Navy  has  worked  over  the  past  three  years 
to  declassify  much  of  the  data  it  possesses  on  seafloor  and  sea 
surface  topography.  Oceanographers  look  forward  to  receiving 
access  to  more  of  the  data  possessed  by  the  Navy.     Also,  the 
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Oceanographer  of  the  Navy  sponsors  all  its  new  oceanographic 
ship  construction,  including  Navy-owned  research  ships  that  are 
operated  by  academic  institutions.  As  part  of  the  modernization 
of  the  Navy's  1960-vintage  oceanographic  fleet,  the  Oceanogra- 
pher of  the  Navy  ordered  three  new  ships  (AGOR  class)  for  the 
academic  research  community.  The  first  of  these  275-foot-long, 
multipurpose,  deep-ocean-capable  research  ships  (R/V  Thomas 
Thompson]  was  delivered  in  1991  to  the  University  of  Washing- 
ton. One  of  the  remaining  two  new  ships  will  be  operated  by 
Scripps  Institution  of  Oceanography  and  the  other  by  Woods  Hole 
Oceanographic  Institution. 

An  important  initiative  begun  by  the  Oceanographer  of  the 
Navy  in  1990  was  the  sponsorship,  in  cooperation  with  the  Chief 
of  Naval  Research  and  the  OSB,  of  a  tactical  oceanography  sympo- 
sium to  familiarize  the  academic  community  with  the  Navy's 
operational  needs  and  requirements.  This  initiative  has  become 
an  annual  event,  and  the  Office  of  Naval  Technology  joined  as 
one  of  the  sponsoring  organizations  in  1992.  The  Oceanographer 
of  the  Navy  is  striving  to  facilitate  closer  links  between  the  op- 
erational side  of  the  Navy  and  the  research  community. 

National  Oceanic  and  Atmospheric  Administration 

The  National  Oceanic  and  Atmospheric  Administration  was 
formed  in  1970  from  a  combination  of  existing  government  enti- 
ties. Its  mission  is  to  explore,  map,  and  chart  the  global  ocean 
and  its  living  resources  and  to  manage,  use,,  and  conserve  those 
resources;  to  describe,  monitor,  and  predict  conditions  in  the  at- 
mosphere, ocean.  Sun,  and  space  environment;  to  issue  warnings 
against  impending  destructive  natural  events;  to  assess  the  conse- 
quences of  inadvertent  environmental  modification  over  several 
scales  of  time;  and  to  manage  and  disseminate  long-term  environ- 
mental information. 

Several  partnerships  now  exist  between  NOAA  and  the  aca- 
demic community.  The  National  Sea  Grant  College  Program  pro- 
vides support  for  the  study  of  estuaries  and  coastal  regions,  ma- 
rine applied  research,  and  the  application  of  research  to  practical 
problems.  Sea  Grant  is  different  from  most  other  government- 
funded  research  programs  in  that  it  is  a  mandated  partnership. 
Every  two  dollars  of  federal  funds  must  be  matched  by  at  least 
one  dollar,  often  from  state  agencies.  Because  of  this  mandated 
fiscal  partnership,  policy  makers  at  the  state  level  are  generally 
more  aware  of  Sea  Grant  research  than  of  research  sponsored  by 
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Other  federal  agencies.  Sea  Grant  also  provides  public  service 
through  its  marine  extension  and  public  information  components. 
The  partnership  has  been  successful,  but  its  prospects  foj  growth 
are  limited  by  budget  constraints.  Further  interaction  with  the 
academic  community  will  depend  on  whether  the  program  can 
find  new  directions  that  will  justify  increased  funding. 

NOAA  also  has  marine  laboratories  located  near  academic  oceano- 
graphic  institutions.  The  laboratories  often  support  graduate  stu- 
dents who  carry  out  thesis  research  of  direct  interest  to  NOAA. 
Educational  opportunities  for  federal  employees  range  from  for- 
mal degree  programs  to  seminars  and  library  facilities  available  at 
universities.  There  are  also  opportunities  for  cooperative  research 
programs  and  several  NOAA/university  joint  institutes  have  been 
developed.  Cooperative  agreements  between  academic  and  fed- 
eral laboratories  should  be  expanded  to  develop  stronger  intellec- 
tual ties  between  NOAA  and  the  universities. 

NOAA  provides  modest  extramural  research  funds  as  part  of  its 
Climate  and  Global  Change  Program  and  its  Coastal  Ocean  Pro- 
gram, and  through  the  National  Marine  Fisheries  Service.  These 
programs  are  a  good  start,  showing  agency  recognition  of  the  need 
for  a  broad  base  of  support.  The  extramural  programs  should  be 
strengthened  to  lend  stability  and  to  develop  close  intellectual  ties, 
which  are  essential  if  the  research  is  to  meet  agency  needs.  Further, 
critical  issues  such  as  the  transition  of  the  global  ocean  observing 
system  to  an  operational  phase  must  be  examined  in  the  context  of 
NOAA's  overall  responsibilities  and  of  research  results  from  the 
Climate  and  Global  Change  Program  and  the  Coastal  Ocean  Pro- 
gram. Development  and  implementation  of  a  global  ocean  ob- 
serving system,  led  by  NOAA,  would  require  better  partnerships 
among  agencies  and  between  NOAA  and  academic  scientists. 

NOAA  and  the  academic  community  should  together  evaluate 
the  effectiveness  of  NOAA  research.  This  examination  should 
include  the  existing  NOAA/ university  joint  institutes,  environ- 
mental research  laboratories,  and  extramural  research  support. 
Improving  the  quality  of  scientific  research  within  NOAA,  clari- 
fying its  role  vis-a-vis  external  science  and  agency  missions,  and 
stabilizing  support  for  extramural  research  over  the  long  term  are 
clearly  in  the  national  interest.  A  panel  of  outside  experts  should 
work  with  NOAA's  administration  to  review  alternative  approaches 
for  extramural  and  intramural  support,  including  the  merits  of 
different  funding  mechanisms  (e.g.,  the  NSF  peer-review  model, 
the  ONR  omnibus  contract  model,  and  the  existing  NOAA  coop- 
erative institute  model). 
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The  present  NOAA  fleet  consists  of  23  ships,  of  which  5  are 
inactive  and  many  are  old  compared  to  the  UNOLS  fleet.  NOAA's 
fleet  is  used  primarily  to  carry  out  its  operational  mission  in 
mapping,  charting,  and  fisheries  assessment,  as  well  as  NOAA 
research.  The  fleet  occasionally  supports  other  federal  and  state 
agencies,  academic  institutions,  and  private  industry  through  various 
arrangements.  For  several  years,  NOAA  has  experienced  funding 
shortfalls  for  ship  operations,  resulting  in  unmet  program  require- 
ments. NOAA  will  have  to  replace  its  aged  fleet  and/or  use  ships 
owned  by  others.  Under  a  cooperative  arrangement  with  the  aca- 
demic community,  NOAA  Corps  officers  operate  the  Vickers,  owned 
by  the  University  of  Southern  California.  This  experiment  has 
not  yet  concluded  and  thus  has  not  been  evaluated.  NOAA  and 
the  academic  institutions  should  consider  other  mechanisms  for 
cooperative  ship  use,  including  the  use  of  academic  ships  by  NOAA 
scientists. 

Discussion  of  the  future  shape  and  use  of  NOAA  research 
vessels  should  take  place  within  the  larger  debate  on  how  to  man- 
age, upgrade,  and  use  the  research  vessels  operated  by  all  agen- 
cies. The  concept  of  a  national  research  fleet  is  providing  a  con- 
text for  this  discussion.  It  is  clear  that  we  can  no  longer  afford 
the  luxury  of  regarding  individual  agency  vessels  as  unrelated, 
with  no  sharing  of  resources. 

A  major  obstacle  for  marine  science  lies  in  the  difficulties  of 
developing  and  managing  spaceborne  instruments  over  the  next 
decades.  Historically,  NASA  developed  meteorological  spacecraft 
that  eventually  evolved  into  operational  systems  managed  by  NOAA. 
However,  for  marine  observations,  apart  from  long-standing  ef- 
forts in  visible  and  infrared  sea  surface  temperature  observations 
and  microwave  sea  ice  measurements  (both  of  interest  to  short- 
term  forecasting),  there  is  no  effective  mechanism  for  the  system- 
atic development  or  transfer  of  technology  from  research  to  opera- 
tions. Some  mechanism  must  be  found  to  routinely  collect  such 
observations  that  are  important  to  the  NOAA  mission.  NOAA 
will  need  additional  funding  to  carry  out  these  observations,  and 
a  partnership  arrangement  will  be  necessary  to  identify  the  essen- 
tial variables  to  be    observed. 

Another  area  of  potential  partnerships  involves  data  bases,  es- 
pecially their  accessibility.  NOAA  is  responsible  for  the  National 
Oceanographic  Data  Center  (NODC).  Created  in  the  1950s,  NODC 
is  intended  to  provide  both  present  access  to  data  and  an  archive 
for  future  generations.  However,  the  center  has  failed  to  keep 
abreast  of  changing  technologies  in  observation  and  data  base  man- 
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agement.  As  global  programs  generate  increasing  volumes  of  data 
and  place  new  demands  for  the  use  of  data  from  all  sources,  the 
need  for  modern  national  data  facilities  will  become  increasingly 
urgent.  Because  working  sci^tists  are  often  the  source  of  many 
of  the  data  and  are  often  the  largest  potential  users,  they  should 
participate  in  the  design  and  use  of  these  important  data  bases. 
The  Joint  Environmental  Data  Analysis  center  at  Scripps  Institu- 
tion of  Oceanography,  which  involves  active  scientists  in  the  quality 
control  and  decisions  of  archiving  data,  is  a  first  step  in  develop- 
ing such  partnerships. 


Environmental  Protection  Agency 

Since  its  founding  in  1970,  the  Environmental  Protection  Agency 
has  developed  numerous  regulations  relative  to  both  air  and  wa- 
ter, and  environmental  quality  in  many  previously  heavily  pol- 
luted areas  has  improved  as  a  result  of  these  controls.  Now,  as 
environmental  problems  on  regional,  national,  and  international 
scales  are  increasingly  recognized,  EPA's  challenge  is  to  improve 
our  understanding  and  management  of  the  sources  of  pollutants 
and  the  environments  that  receive  waste.  The  EPA  Science  Advi- 
sory Board  (1990),  in  its  landmark  report  Reducing  Risk,  stated 
that  too  little  attention  is  paid  to  environmental  problems  that 
have  significant  large-scale  consequences  and  low  reversibility  (e.g., 
global  climate  change  and  loss  of  habitats  and  biodiversity).  In 
the  past,  EPA  has  relied  on  internal  expertise  for  scientific  input, 
but  the  range  of  problems  and  their  complexity  can  no  longer  be 
handled  in  this  way.  EPA  has  made  a  commitment  to  the  increas- 
ing use  of  scientific  advice  throughout  its  activities.  Meeting  this 
commitment  will  require  strong  partnerships  with  the  academic 
community. 

EPA's  need  both  to  view  pollution  control  from  a  larger  envi- 
ronmental perspective  and  to  increase  its  reliance  on  science  of- 
fers prospects  for  partnerships  with  the  academic  ocean  science 
community.  EPA  engages  scientists  in  its  environmental  research 
laboratories,  a  relatively  small  extramural  grants  program,  explor- 
atory environmental  research  centers,  and  environmental  man- 
agement programs,  including  the  National  Estuary  Program.  An 
expanded  EPA  partnership  with  the  academic  community  could 
include  the  following: 

•  expansion  of  the  extramural  grants  program  and  creation  of 
additional  environmental  research  centers  collocated  with  univer- 
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sities  and  specifically  focused  on  present  and  future  problems  in 
the  marine  environment; 

•  agreements  between  EPA  research  laboratories  and  nearby 
academic  or  private  institutions; 

•  training  of  EPA  personnel  in  newly  emerging  science  that 
enhances  the  science  perspective  in  order  to  balance  the  strong 
regulatory  perspective  that  exists  within  the  agency;  and 

•  increased  reliance  on  academic  experts  in  areas  in  which 
they  may  be  better  positioned  than  commercial  consultants  (e.g., 
analysis  of  long-term  and  large-scale  environmental  problems). 

Problems  with  the  agency's  approach  to  academic  grants  and 
centers  have  discouraged  many  university-based  experts  from  working 
with  EPA.  In  addition,  the  program  and  regional  offices  and  the 
Office  of  Research  and  Development  laboratories  often  rely  on 
contractual  mechanisms  that  prevent  EPA  from  obtaining  the  best 
outside  scientists  to  work  on  agency  issues.  EPA  should  move 
quickly  to  bolster  its  grants  and  centers  programs.  The  agency 
should  also  implement  a  long-term  plan  to  replace  contractual 
mechanisms  that  may  be  detrimental  to  obtaining  the  best  pos- 
sible scientific  information. 

Minerals  Management  Service 

In  1973,  in  response  to  the  threat  of  an  international  oil  em- 
bargo. President  Nixon  announced  an  ambitious  program  for  ac- 
celerated exploration  and  development  of  the  oil  and  gas  resources 
of  the  outer  continental  shelf  (OCS)  of  most  of  the  United  States. 
Although  it  had  managed  offshore  development  in  the  northwest- 
ern Gulf  of  Mexico  for  many  years,  the  Bureau  of  Land  Manage- 
ment (BLM)  was  suddenly  required  to  evaluate  the  environmental 
consequences  of  greatly  expanded  exploration  and  development. 
Since  that  time,  through  the  BLM  (now  MMS)  Environmental  Studies 
Program,  the  Department  of  the  Interior  has  spent  more  than  $259 
million  for  studies  of  the  climate,  circulation,  contaminant  lev- 
els, ecology,  living  resources,  geohazards,  and  effects  of  oil  and 
gas  development  in  all  OCS  areas,  particularly  those  with  no  pre- 
vious development. 

Although  many  academic  ocean  scientists  have  been  involved 
in  MMS  studies,  the  agency  has  traditionally  relied  on  commer- 
cial procurement  contracting  to  acquire  technical  information.  Some 
consequences  of  this  approach  are  that  relatively  little  of  the  in- 
formation produced  was  published  in  the  open  scientific  litera- 
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ture,  whereby  it  could  undergo  peer  review  and  perhaps  gain  broad 
credibility,  and  a  cadre  of  environmental  scientists,  who  could 
influence  public  opinion  and  policy,  was  not  nurtured.  Further, 
the  program's  emphasis  on  short-term  results  as  opposed  to  long- 
term  understanding  provided  limited  opportunity  for  research  in- 
novation. To  overcome  these  limitations,  MMS  has  sought  to 
increase  the  involvement  of  academic  ocean  scientists  in  its  En- 
vironmental Studies  Program  through  a  variety  of  mechanisms: 
(1)  two  cooperative  agreements  with  university  groups  to  support 
investigator-initiated  research  on  the  long-term  effects  of  petro- 
leum development  activities  (i.e.,  the  Louisiana  Universities  Ma- 
rine Consortium  in  the  Gulf  of  Mexico  and  the  University  of 
California-Santa  Barbara  in  southern  California);  (2)  other  coop- 
erative agreements  with  academic  institutions  that  have  unique 
capabilities  for  meeting  MMS  information  needs;  (3)  the  award  of 
competitive  contracts  for  large  projects  to  academic  institutions 
(e.g.,  Louisiana-Texas  shelf  physical  oceanography  studies  at  Texas 
A&M's  Texas  Institute  of  Oceanography  and  Louisiana  State  Uni- 
versity); (4)  extensive  involvement  of  academic  oceanographers  on 
the  scientific  committee  of  the  OCS  advisory  board  and  on  qual- 
ity review  boards  of  various  studies;  and  (5)  increased  emphasis 
on  publication  of  study  results  in  the  open  scientific  literature. 

MMS  is  already  actively  seeking  to  develop  partnerships  with 
academic  oceanography,  but  to  further  these  relationships,  it  should 
consider  the  following: 

•  expansion  of  the  cooperative  agreements  for  strategic  inves- 
tigator-initiated research  on  long-term  environmental  and  socio- 
economic effects  of  oil  and  gas  in  developed  OCS  regions; 

•  use  of  academic  institutions  (similar  to  the  recently  initi- 
ated physical  oceanographic  studies  in  the  Gulf  of  Mexico  and  off 
California)  for  complex  scientific  studies  that  require  the  innova- 
tion and  integration  for  which  these  institutions  are  particularly 
well  qualified;  and 

•  participation  in  the  shared  use  of  the  academic  research  fleet 
with  other  federal  agencies  through  more  active  involvement  with 
UNOLS.  MMS  research  vessel  requirements  and  scheduling  con- 
straints do  not  always  coincide  with  the  availability  of  UNOLS 
vessels. 

National  Aeronautics  and  Space  Administration 

The  National  Aeronautics  and  Space  Administration  develops 
new  technology  for  space,  demonstrates  its  use  for  a  variety  of 
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scientific  and  technical  purposes,  and  supports  related  science. 
NASA-developed  technology  provided  the  first  synoptic  viev^s  of 
Earth,  and  NASA  Earth  observation  programs  have  since  evolved 
into  the  present  international  operational  and  research  missions 
for  remote  sensing  of  processes  in  the  atmosphere  and  at  the  ocean 
and  land  surfaces.  The  great  difficulty  in  observing  the  ocean  by 
conventional  means  (ships  and  buoys)  led  oceanographers  early  in 
the  post-Sputnik  period  to  recognize  the  value  of  spaceborne  ob- 
servations. 

In  the  more  than  30  years  since  satellite  imagery  vv^as  first 
demonstrated,  NASA  and  the  ocean  community  have  achieved 
notable  successes.  Satellite-measured  sea  surface  temperatures 
are  now  routine  input  for  weather  and  climate  forecasting.  NASA 
guided  this  technology  to  its  present  mature  operational  state. 
The  Seasat  and  Nimbus-7  missions  demonstrated  the  validity  of 
the  idea  that  the  ocean  surface's  shape  and  color  could  be  mea- 
sured from  space  and  would  be  useful.  Data  from  these  two  satel- 
lite missions  are  still  used  by  ocean  scientists. 

As  part  of  the  Earth  Observing  System  (EOS),  NASA  plans  a 
major  data  and  information  system,  the  Earth  Observing  System 
Data  and  Information  System  (EOSDIS).  EOSDIS  will  contribute 
to  the  Global  Change  Data  and  Information  System,  a  joint  ven- 
ture of  NASA,  NOAA,  and  USGS  mentioned  earlier.  Oceano- 
graphic  data  will  form  an  important  part  of  these  data  systems, 
and  the  oceanographic  community  should  ensure  that  it  is  well 
represented  on  the  advisory  and  management  groups  for  these 
systems.  Beginning  in  the  early  1980s,  NASA  worked  with  the 
academic  oceanography  community  to  develop  a  plan  for  satellite 
oceanography  and  to  build  a  first-class  national  oceanographic  satellite 
capability.  NASA  established  excellent  scientific  centers  at  the 
Jet  Propulsion  Laboratory  and  the  Goddard  Space  Flight  Center, 
and  put  together  an  effective  headquarters  team  that  oversaw  the 
centers'  research  and  supported  research  at  academic  institutions, 
many  of  them  outside  the  mainstream  oceanographic  institutions. 
This  effort,  which  was  endorsed  at  the  highest  levels  of  the  agency, 
led  to  a  period  of  extremely  effective  collaboration  and  joint  projects. 
Both  NASA  and  the  institutions  learned  from  each  other:  NASA, 
a  large  federal  agency  oriented  toward  massive  team  efforts  ex- 
tending over  many  years,  and  the  research  community,  which  is 
often  interested  in  smaller  projects  lasting  no  longer  than  a  gradu- 
ate student's  thesis  period. 

The  investment  that  NASA  made  in  marine  science  in  the 
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1980s  is  about  to  pay  off  in  a  surge  of  data  from  missions  using 
satellites  that  will  fly  in  the  1990s.  Considerable  expertise  and 
experience  now  exist  both  within  the  NASA  centers  and  in  the 
nonfederal  laboratories  and  universities — almost  all  of  which  can 
be  attributed  to  the  far-sighted  NASA  policies  of  a  decade  ago. 
The  only  parameter  strongly  recommended  by  the  ocean  commu- 
nity for  measurement  in  the  1990s  that  is  not  included  in  present 
plans  is  Earth's  gravity  field;  this  oversight  needs  to  be  rectified 
by  joint  discussions  between  NASA  and  the  European  Space  Agency. 

As  we  look  beyond  the  1990s  and  well  into  the  twenty-first 
century,  a  favorable  outlook  is  not  so  clear  for  ocean  satellite 
measurements.  In  the  past  several  years,  NASA  has  focused  pri- 
marily on  EOS,  a  series  of  satellites  aimed  at  contributing  to  glo- 
bal change  research.  EOS's  task  is  to  provide  a  wide  variety  of 
data  in  the  late  1990s,  but  limited  budgets  are  reducing  the  num- 
ber of  instruments  and  delaying  the  launch  of  others.  Certain 
segments  of  the  ocean  community  have  been  involved  in  EOS 
planning,  but  the  connection  is  not  as  broad  as  it  should  be.  Moreover, 
the  oceans  branch  at  NASA  headquarters  has  been  subsumed  into 
EOS  planning,  thus  eliminating  the  focal  point  for  ocean  interests 
within  NASA. 

With  this  lack  of  focus,  it  is  more  difficult  for  ocean  science  to 
be  heard  regarding  ocean  priorities  in  space  measurements.  As  a 
result  of  recent  EOS  downsizing,  ocean  instruments  have  lower  pri- 
ority, and  the  missions  needed  for  broad  coverage  of  ocean  param- 
eters in  the  twenty-first  century  are  not  well  defined.  If  long-term 
planning  does  not  begin  soon,  the  required  missions  will  not  be 
available  to  provide  continuity  with  missions  flying  in  the  1990s. 

Another  problem  is  alluded  to  in  the  discussion  of  NOAA. 
For  climate  purposes,  long  continuous  time  series  of  ocean  mea- 
surements must  be  sustained.  Because  of  the  requirement  for 
open-ended  measurements,  the  measurements  resemble  operational 
ones.  Traditionally,  NASA  has  asserted  that  it  did  not  make  op- 
erational measurements — that  the  technology  would  be  transferred 
to  NOAA  for  that  purpose,-  but  NOAA  has  not  received  adequate 
funding  even  for  the  limited  measurements  to  be  made  from  the 
polar  and  geostationary  operational  environmental  satellites.  A 
closer  connection  is  needed  between  NASA  and  NOAA  in  the 
transition  from  research  to  operations.  This  problem  has  been 
identified  by  several  national  advisory  committees,-  it  was  brought 
to  the  attention  of  the  responsible  interagency  committee,  the 
National  Space  Council,  and  is  being  debated  there.    Because  glo- 
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bal  change  research  is  a  national  concern,  resolution  of  this  prob- 
lem of  transition  is  urgent. 

The  transition  of  NASA  technology  to  Department  of  Defense 
(DOD)  operational  measurements  has  had  mixed  success;  the  mi- 
crowave radiometer  is  now  operational  in  the  Defense  Meteoro- 
logical Satellite  Program,  and  data  are  provided  routinely  to  aca- 
demic investigators.  The  Navy  has  flown,  and  plans  to  continue 
to  fly,  additional  altimeters  for  ocean  surface  measurements.  However, 
NASA's  attempts  to  work  with  DOD  on  the  flight  of  other  instru- 
ments for  surface  winds  and  ocean  color  have  floundered;  this 
area  also  needs  attention. 

Because  of  the  importance  of  oceanography  to  the  Global  Change 
Research  Program,  NASA  should  reestablish  some  mechanism  with 
sufficient  stature  at  headquarters  to  communicate  with  the  ma- 
rine science  community.  NASA  should  formulate,  in  collabora- 
tion with  other  agencies  and  the  academic  community,  a  coherent 
sense  of  where  its  long-term  responsibilities  lie  for  the  overall 
health  of  marine  science.  For  example,  NASA  is  the  agency  that 
can  nurture  the  special  scientific  and  technical  expertise  required 
for  the  use  of  satellite  remote-sensed  data,  and  it  must  do  so. 
Partnerships  are  key;  it  is  more  important  than  ever  for  the  ocean 
community  to  develop  partnerships  with  NASA,  as  it  has  with 
other  agencies.  NASA  should  help  foster  these  partnerships.  Fur- 
ther, NASA  needs  to  recognize  the  importance  of  supporting  sur- 
face-based programs  that  both  directly  support  and  help  maximize 
the  scientific  returns  from  its  spacecraft. 

Department  of  Energy 

The  Department  of  Energy,  formed  in  1977,  is  responsible  for 
supporting  the  development  of  energy  production  and  conserva- 
tion technology,  the  marketing  of  federal  energy  supplies,  nuclear 
weapons  research  and  development,  energy  regulation,  and  the 
collection  and  analysis  of  data  on  energy  production  and  use.  DOE 
has  carried  out  marine-related  research  for  many  years,  most  re- 
cently as  part  of  its  Carbon  Dioxide  and  Coastal  Ocean  Margins 
Programs  in  the  Office  of  Health  and  Environmental  Research. 
The  research  focused  initially  on  understanding  the  fate  of  radio- 
nuclides. DOE  marine  research  is  presently  concentrated  on  chemical 
and  biological  aspects  of  the  global  carbon  cycle  to  understand  the 
fate  of  the  carbon  dioxide  emitted  to  the  atmosphere  as  part  of 
energy  production  and  use.  In  particular,  DOE  has  funded  studies 
of  integrated  regional  biological  productivity  on  the  continental 
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shelf,  the  cycling  and  transport  of  organic  carbon  and  nutrients 
across  the  shelf,  the  influence  of  western  boundary  currents  (e.g., 
the  Gulf  Stream)  on  shelf  physics  and  biological  productivity,  par- 
ticle transport  processes,  and  particle  burial  in  basins  along  the 
continental  margin. 

DOE  is  one  of  the  few  agencies  to  support  long-term  research 
in  coastal  oceanography.  Long  time  series  are  useful  to  determine 
whether  the  coastal  ocean  is  changing  because  of  anthropogenic 
influences  and  to  separate  directional  changes  from  natural  varia- 
tions. Earlier  programs  supported  the  development  of  in  situ  in- 
struments to  measure  optical  properties,  particle  concentration 
and  flux,  chlorophyll,  and  nutrients,  allowing  important  scientific 
advances.  DOE's  support  of  the  successful  Food  Chain  Research 
Group  at  Scripps  Institution  of  Oceanography  is  an  example  of  the 
value  of  its  early  academic  partnerships. 

Somewhat  more  than  a  decade  ago,  Congress  assigned  DOE 
the  responsibility  to  collect  information  and  maintain  a  major 
data  base  on  carbon  dioxide.  Interest  in  carbon  dioxide  was  grow- 
ing because  of  the  increasing  body  of  theory  suggesting  a  relation- 
ship between  the  greenhouse  effect  and  energy  production  and 
supply.  As  part  of  the  interagency  focus  on  global  change  re- 
search, several  programs  initiated  within  DOE  in  the  past  few 
years  capitalize  on  its  experience  and  interests.  Two  major  pro- 
grams have  emerged:  the  Atmospheric  Radiation  Measurements 
(ARM)  program  and  the  Computer  Hardware,  Advanced  Modeling 
and  Model  Physics  (CHAMMP)  program.  The  ARM  program  is 
designed  to  make  complete  and  detailed  measurements  at  strate- 
gically chosen  sites  to  enhance  our  understanding  of  clouds  and 
solar  radiation.  The  primary  focus  of  CHAMMP  is  climate  mod- 
eling. One  of  its  major  goals  is  to  advance  the  speed  of  climate 
models  by  using  highly  parallel  new  computer  hardware  systems, 
other  software  techniques,  and  new  algorithms.  Many  of  the  ma- 
jor ocean-atmosphere  models  from  around  the  world  are  now  be- 
ing compared.  In  addition,  DOE  is  requesting  an  increase  in  the 
fiscal  year  1993  budget  for  its  open  ocean  research  thrust  to  fulfill 
its  mission  to  understand  the  carbon  dioxide  balance  and  the  ocean's 
role  in  this  balance. 

DOE  funds  both  extramural  research  and  research  carried  out 
at  its  national  laboratories.  DOE's  national  laboratory  system 
employs  approximately  50,000  people  and  has  a  budget  of  $6  bil- 
lion to  $8  billion.  Marine  research  is  a  small  part  of  the  overall 
DOE  research  effort;  Brookhaven  National  Laboratory  is  the  pri- 
mary site  for  marine  research.    As  the  oceanographic  community 
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discusses  its  approach  to  the  partnership  it  hopes  to  forge  with 
DOE,  the  laboratories  should  be  considered  integral  participants. 

DOE  has  sought  scientific  advice  on  its  marine  research  through 
workshops,  standing  committees  of  the  National  Research  Coun- 
cil, and  one-time  reviews  by  NRC  panels  and  other  groups.  The 
OSB  has  reviewed  the  Coastal  Ocean  Margins  Program,  has  ad- 
vised the  Carbon  Dioxide  Program  on  oceanic  carbon  dioxide  re- 
search, and  is  presently  advising  the  Office  of  Health  and  Envi- 
ronmental Research  on  the  application  of  molecular  biological 
techniques  to  marine  research.  The  Coastal  Ocean  Margins  Pro- 
gram would  benefit  from  a  standing  panel  of  outside  experts  to 
help  its  staff  formulate  a  focused  research  plan  that  would  build 
on  the  agency's  strengths  in  long-term  monitoring  and  regional 
research.  The  existing  DOE  partnerships  with  academic  scien- 
tists in  the  Carbon  Dioxide  Program  and  in  the  area  of  molecular 
marine  biology  appear  stronger. 

A  more  general  issue  for  the  oceanographic  community  to  consider 
is  where,  in  light  of  DOE's  missions,  new  common  grounds  might 
lie.  There  appears  to  be  a  genuine  interest  on  DOE's  part  to 
enhance  or  change  its  role  vis-a-vis  Earth  sciences.  The  energy 
implications  of  marine  geology  and  geophysics  research  seems  to 
be  a  natural  field  for  initial  discussions.  The  plans  now  being 
developed  by  DOE  for  small  satellite  missions  to  measure  radia- 
tion might  well  be  enhanced  to  include  small  satellite  missions 
for  ocean  measurements.  There  are  clearly  many  other  areas  in 
which  energy  research  and  energy  supply  options  overlap  with 
ocean  science  interests.  Future  partnership  discussions  with  DOE 
might  be  aimed  at  assessing  priorities  and  planning  possible  inter- 
actions in  each  particular  area. 

U.S.  Geological  Survey 

The  U.S.  Geological  Survey  was  established  in  1879.  Its  pri- 
mary responsibilities  are  identifying  and  characterizing  the  nation's 
onshore  and  offshore  land,  water,  energy,  and  mineral  resources,- 
investigating  natural  hazards  (e.g.,  earthquakes,  volcanoes,  and 
landslides);  and  conducting  the  National  Mapping  Program.  To 
achieve  these  objectives,  USGS  prepares  maps  and  digital  and  car- 
tographic data;  collects  and  interprets  data  on  energy,  mineral, 
and  water  resources;  performs  fundamental  and  applied  research 
in  Earth  sciences  to  understand  Earth  processes  and  their  varia- 
tions in  time  and  space;  and  publishes  and  disseminates  the  re- 
sults of  its  investigations  in  the  form  of  maps,  data  bases,  and 
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reports.  The  USGS  marine  program  has  two  components:  (1)  the 
Offshore  Geologic  Framework,  and  (2)  Coastal  and  Wetlands  Pro- 
cesses. The  Offshore  Geologic  Framework  components  conduct 
regional  scientific  investigations  aimed  at  understandmg  and  de- 
scribing the  geologic  framework,  energy  and  mineral  resources, 
geohazards,  and  seafloor  environmental  conditions  of  U.S.  offshore 
and  other  areas  that  could  potentially  provide  a  continued  supply 
of  needed  resources. 

The  overall  objective  of  USGS  coastal  research  is  to  improve 
our  ability  to  predict  coastal  erosion,  wetland  loss,  coastal  pollu- 
tion, and  the  location  of  marine  hard  mineral  resources  through  a 
better  understanding  of  processes  and  the  geologic  framework  withm 
which  the  processes  operate.  Improved  predictive  capabilities  are 
needed  by  coastal  zone  planners  and  managers  and  are  required 
for  preservation  of  the  nation's  coastal  resources.  Thus  USGS 
marine  science  activities  range  from  a  major  systematic  mapping 
of  the  U.S.  Exclusive  Economic  Zone  (EEZ),  to  deep  seismic  ex- 
ploration beneath  the  seafloor  and  continental  margins,  to  trans- 
port processes  within  the  ocean  and  in  coastal  areas.  Recent  in- 
creased focus  on  the  coastal  zone  resulted  from  government  interest 
in  sea-level  rise  and  pollution.  Because  USGS  participates  in  many 
national  and  international  research  programs  with  academic  sci- 
entists, it  has  developed  effective  means  for  peer  review  and  com- 
munication of  agency  research  results.  An  example  of  partner- 
ships is  the  USGS  Marine  Program,  begun  in  the  1960s.  The 
program  located  it  facilities  near  academic  or  oceanographic  insti- 
tutions (i.e.,  Woods  Hole  Oceanographic  Institution,  the  Univer- 
sity of  South  Florida,  Stanford  University,  and  the  University  of 
Washington),  which  permits  sharing  of  marine  infrastructure  and 
human  resources.  Numerous  memoranda  of  understanding  and 
cooperative  agreements  with  other  universities  are  also  in  place 
for  specific  program  tasks  and  needs.  USGS  annually  conducts  a 
part  of  its  field  operations  on  UNOLS  ships. 

An  expanded  partnership  between  USGS  and  academia  could 
include  the  following: 

•  Increased  use  of  external  scientists  to  reviev/  the  USGS  ocean 
science  program.  This  process  might  help  to  clarify  the  unique 
role  of  USGS  in  marine  research.  Aspects  of  the  USGS  Marine 
Program  are  presently  reviewed  by  the  Marine  Board  and  other 
NRC  boards. 

•  Increased  participation  of  external  scientists  on  collabora- 
tive projects.    Examples  of  recent  successes  include  studies  con- 
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ducted  in  California,  Boston  harbor,  and  Louisiana  and  the  par- 
ticipation of  academic  scientists  and  students  in  EEZ  mapping 
cruises. 

•  Reexamination  of  USGS  marine  research  goals  in  light  of 
areas  for  increasing  cooperation  with  academic  scientists. 
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Future  Directions  in 
Ocean  Sciences 


The  possibility  of  and  the  need  for  studying  the  ocean  on  a 
global  scale  provide  a  major  impetus  for  new  partnerships  in  ocean- 
ography. The  design  and  deployment  of  a  global  ocean  observing 
system,  now  being  discussed,  will  be  possible  only  with  the  coop- 
eration of  ocean  scientists  and  governments  throughout  the  world. 

THE  SCIENCE  OF  OCEANOGRAPHY 

Oceanography,  the  science  of  the  sea,  serves  many  purposes 
while  deriving  impetus  from  many  sources.  All  of  oceanogra- 
phy— physical,  chemical,  geological,  and  biological — is  driven  by 
scientists  interested  in  advancing  basic  knowledge.  Ocean  scien- 
tists have  made  a  number  of  exciting  discoveries  in  the  past  30 
years  that  have  changed  our  view  of  Earth.  The  discovery  of 
oceanic  eddies  has  been  important  for  an  understanding  of  ocean 
circulation,  propagation  of  sound  in  the  ocean,  fisheries  produc- 
tivity, and  other  ocean  processes.  Verification  by  ocean  drilling 
that  Earth's  crust  is  divided  into  moving  plates  that  are  created  at 
mid-ocean  ridges  and  recycled  into  Earth's  interior  replaced  the 
traditional  view  that  the  surface  was  essentially  static.  Discovery 
of  dense  colonies  of  animals  and  bacteria  at  some  deep-sea  hydro- 
thermal  vents  demonstrated  that  organisms  could  thrive  in  eco- 
systems based  on  chemical  energy  from  Earth's  interior  rather 
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than  directly  on  energy  from  the  Sun.  Study  of  the  combined 
ocean-atmosphere  system  has  provided  sufficient  knowledge  of 
interannual  climate  variations  that  scientists  are  now  able  to  forecast 
El  Nino  climate  disturbances  months  in  advance. 

Over  the  next  decade,  oceanography  will  continue  to  provide 
exciting  discoveries  by  contributing  new  understanding  of  Earth 
as  a  system  and  by  helping  us  understand  how  humankind  is 
altering  the  system.  It  is  now  essential  (and  possible)  to  study 
ocean  processes  on  a  global  scale.  The  oceanography  of  the  next 
decade  will  take  place  in  the  traditional  marine  science  disci- 
plines and  at  the  boundaries  of  these  disciplines.  New  partner- 
ships among  oceanographers  working  in  different  disciplines  should 
lead  to  new  discoveries  about  the  ocean's  role  in  climate  change, 
the  function  of  mid-ocean  ridges,  and  coastal  ocean  processes. 

Additional  oceanographic  studies  in  the  coming  decade  will 
focus  on  how  ecosystems  affect  global  cycles  of  important  chemi- 
cals and,  conversely,  how  changes  in  the  global  environment  af- 
fect marine  ecosystems.  Studies  of  ecosystems  at  hydrothermal 
vents  and  hydrocarbon  seeps  will  refine  our  ideas  about  the  condi- 
tions under  which  life  is  possible  and  about  the  origins  of  life. 
More  of  the  ocean  floor  must  be  explored  to  determine  the  extent 
and  nature  of  deep-ocean  vents,  their  ability  to  support  novel  or- 
ganisms, and  their  importance  in  global  chemical  cycles.  Contin- 
ued study  of  the  ocean's  chemistry  should  bring  new  understand- 
ing of  the  past  state  of  Earth,  how  ocean  processes  operate  today, 
and  the  contribution  of  sources  and  sinks  of  various  chemicals. 
The  study  of  deep-ocean  sediment  cores  will  provide  more  infor- 
mation about  past  natural  cycles  of  Earth's  climate,  with  which 
present  climate  fluctuations  can  be  compared.  Oceanographers 
will  achieve  a  better  understanding  of  the  variability  of  the  circu- 
lation of  the  world  ocean.  The  interaction  of  climate  with  this 
circulation  is  only  poorly  known,  but  there  is  evidence  that  the 
transport  of  surface  water  to  depth  can  vary  greatly  even  over  as 
short  a  time  as  one  decade. 

Unlike  many  other  sciences  driven  by  scientific  curiosity,  as- 
pects of  marine  science  have  immediate  and  obvious  practical 
applications.  These  include,  but  are  not  limited  to,  the  control  of 
climate  by  ocean  circulation,  chemical  and  biological  reactions  to 
climate  change,  understanding  fisheries  productivity,  movement 
of  pollutants,  and  the  problem  of  coastal  development  in  the  face 
of  rising  sea  level.  Oceanographers  are  fortunate  to  take  part  in  a 
science  that  is  fascinating,  compelling,  and  intellectually  chal- 
lenging.    Oceanography  is  also  a  science  whose  outcome  is  of 
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immediate  societal  application  and  in  which  the  financial  stakes 
are  potentially  immense,  for  example,  the  economic  impact  of  a 
reliable  forecast  of  a  sea-level  rise.  Because  the  societal  implica- 
tions of  the  science  are  readily  apparent  to  policy  makers,  they 
may  demand  answers  to  purely  practical  questions  in  the  short 
term.  This  pressure  can  distort  the  investment  in  basic  science, 
undermining  the  quest  for  basic  understanding  that  remains  key 
to  the  long-term  solution  of  practical  problems.  Thus  the  func- 
tioning of  oceanography  in  the  United  States  should  focus  both  on 
sustenance  of  the  underlying  basic  science  and  on  specific  an- 
swers to  practical  questions  of  short-term  urgency. 

This  chapter  summarizes  the  concerns  of  basic  scientists,  with 
some  focus  on  the  interaction  of  basic  science  with  more  practi- 
cal problems.  Several  themes  are  common  throughout  the  discus- 
sion, which  is  divided  by  classical  disciplines.  First  is  the  grow- 
ing sense  that  the  basic  science  now  encompasses  the  global  ocean 
scale.  This  capability  and  the  need  to  conduct  global-scale  stud- 
ies have  led  to  the  planning  of  large-scale,  long-term  cooperative 
experiments.  Primarily  planned  and  executed  with  National  Sci- 
ence Foundation  (NSF)  support,  they  focus  the  work  of  many  sci- 
entists on  global  ocean  research.  These  large  programs  are  usu- 
ally managed  through  national  or  international  consortia  that  involve 
many  scientists,  agencies,  and  often  countries.  Such  programs 
will  explore  new  questions  and  test  new  mechanisms  for  working 
together  in  the  next  decade.  Global  uncertainties  are  rapidly  moving 
much  of  oceanography  from  the  capabilities  and  interests  of  single 
or  small  groups  of  investigators  for  a  limited  time  to  the  involve- 
ment of  many  individuals,  institutions,  and  governments  for  de- 
cades. Mechanisms  must  be  developed  for  these  new  large-scale 
efforts  to  be  sustained  in  a  scientifically  and  technically  sound 
manner,  by  coordinating  the  plans  of  other  nations,  federal  agen- 
cies, academic  institutions,  and  individual  scientists. 

Second,  all  sections  of  this  chapter  emphasize  the  dependence 
of  the  subject  as  a  whole  continued  technical  developments.  The 
ocean  is  remarkably  difficult  to  study,  given  its  size,  opacity  to 
electromagnetic  waves,  and  general  hostility  (e.g.,  its  corrosive- 
ness,  high  pressures,  and  turbulence).  The  health  of  all  disci- 
plines depends  directly  on  the  continued  development  of  new  tools 
designed  to  solve  their  fundamental  sampling  problems.  In  the 
past  decade,  oceanographic  sampling  improved  through  incorpora- 
tion of  new  technologies  from  other  fields,  such  as  remote  sens- 
ing, material  science,  electronics,  and  computer  science.  A  fun- 
damental change  arising  from  the  use  of  these  new  technologies  is 
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an  increase  in  the  quality  and  the  volume  of  data  collected.  Ac- 
companying this  change  is  a  significant  increase  in  each  oceanog- 
rapher's  capacity  to  study  ocean  phenomena,  an  increase  that  raises 
the  costs  for  each  oceanographer's  science.  As  the  cost  per  ocean- 
ographer  for  scientific  equipment  and  facilities  has  increased,  the 
field  has  responded  with  increased  sharing  of  facilities,  such  as 
ships  and  submersibles,  and  equipment,  such  as  the  new  accelera- 
tor mass  spectrometer  for  carbon- 14  measurements.  The  develop- 
ment and  shared  use  of  expensive  facilities  are  likely  to  continue 
in  the  future.  Yet  even  with  shared  facilities,  inflation-adjusted 
research  funding  for  the  ocean  sciences  has  remained  nearly  con- 
stant over  the  past  decade,  while  the  number  of  Ph.D. -level  aca- 
demic oceanographers  has  increased  by  about  50  percent  and  soci- 
etal pressures  to  predict  man's  effect  on  the  ocean  have  also  increased. 
The  growth  in  the  scientific  capacity  of  each  investigator  and  the 
number  of  qualified  investigators,  coupled  with  nearly  constant 
funding,  has  resulted  in  partial  funding  for  some  ocean  research- 
ers. 

Third,  the  resolution  requirements  of  oceanographic  models 
and  the  complexity  of  model  physics  have  always  outstripped  the 
largest  computational  capability  anywhere.  As  understanding  of 
the  ocean  becomes  more  sophisticated,  more  sophisticated  mod- 
els are  required.  The  nurture  of  computational  capability  is  re- 
flected across  the  disciplines. 

Fourth,  the  understanding  of  the  ocean  and  of  the  problems  of 
oceanographers  has  progressed  so  much  in  the  past  several  de- 
cades that  all  disciplines  are  now  capable  of  new  accomplish- 
ments in  a  seemingly  endless  number  of  areas.  The  problem  is 
that  the  potential  far  exceeds  the  resources  likely  to  be  available, 
and  the  difficult  task  of  setting  priorities  within  and  across  disci- 
plines will  be  amplified. 

The  foundation  of  knowledge  about  the  ocean  that  is  now 
used  in  policy  decisions  was  gained  largely  through  Office  of  Na- 
val Research  (ONR)  and  NSF  investments  in  basic  research  over 
the  past  several  decades.  Yet  the  demand  for  quick  answers  to 
purely  practical  questions  sometimes  obscures  the  need  for  in- 
vesting in  basic  science,  which  remains  the  key  to  long-term  practical 
applications.  Under  pressure  to  provide  immediate  solutions,  mission 
agencies  may  be  tempted  to  focus  only  on  the  short  term.  One 
example  of  the  importance  of  basic  research  is  a  1961  study  that 
is  now  contributing  to  the  debate  about  climate  change — the  question 
of  whether  ocean  circulation  has  two  stable  states.  Both  the  geo- 
logical record  and  numerical  models  suggest  that,  at  some  times 
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in  the  past,  ocean  circulation  was  unlike  today's  and  that  it  could 
switch  rapidly  from  its  present  state  to  a  radically  different  one. 
When  the  ocean  was  in  this  alternate  state,  Earth's  climate  was 
not  at  all  like  today's.  This  idea  dates  back  to  a  paper  written  by 
Henry  Stommel  (1961),  an  academic  scientist  driven  primarily  by 
his  own  curiosity  and  supported  by  ONR  and  NSF.  The  paper  had 
little  impact  for  more  than  20  years.  Now  regarded  as  seminal,  it 
illustrates  the  need  to  sustain  basic  science  so  that  future  genera- 
tions will  have  a  knowledge  base  from  which  to  develop  their 
policy  decisions. 

The  authors  of  the  following  sections  were  asked  to  discuss 
the  dominant  issues  of  their  disciplines  and  to  lay  out  the  grand 
themes,  providing  a  scientific  underpinning  to  discussion  of  the 
new  partnerships.  Ten  years  is  probably  the  outer  limit  of  an 
attempt  to  suggest  what  the  major  science  themes  will  be.  A 
decadal  report  written  in  1960  would  almost  surely  have  missed 
the  revolution  in  plate  tectonics  and  thus  would  have  been  hope- 
lessly wrong  in  its  discussion  of  some  dominant  scientific  themes 
in  1970.  On  the  other  hand,  such  a  report  could  have  captured 
accurately  the  methodologies  of  work  at  sea  and  the  human  re- 
source requirements.  Of  course,  the  central  questions  of  the  field 
did  not  change  either — although  an  intellectual  revolution  in  the 
way  they  could  be  discussed  occurred. 

The  decision  to  organize  this  chapter  according  to  traditional 
oceanographic  disciplines  was  not  arbitrary  (the  coastal  ocean  is  a 
special  case,  discussed  below).  Anyone  who  reads  each  section 
will  perceive  exciting  and  important  scientific  problems  that  cut 
across  many  or  even  all  disciplines.  Examples  are  the  growing 
importance  of  paleoceanographic  studies  that  involve  geology,  geo- 
physics, chemistry,  biology,  and  physical  oceanography  because  of 
their  climate  implications.  Likewise,  the  study  of  ridge  crests 
cuts  across  geology  and  geophysics,  biology  and  chemistry,  and 
even  slightly,  physical  oceanography.  Nonetheless,  the  board  be- 
lieves that  there  is  a  danger  in  declaring  such  interdisciplinary 
studies  as  the  likely  focus  of  future  marine  science  efforts.  With- 
out denigrating  the  science  done  on  such  problems,  interdiscipli- 
nary studies  clearly  build  on  the  foundations  of  chemistry,  phys- 
ics, geology,  geophysics,  and  biology.  These,  in  turn,  depend  directly 
on  their  nonmarine  counterparts  of  physics,  mathematics,  numerical 
methods,  and  other  fields  that  provide  the  intellectual  fertiliza- 
tion of  marine  studies.  The  history  of  ocean  sciences  suggests 
that  one  cannot  have  good  interdisciplinary  science  without  good 
disciplinary  foundations,  and  it  is  essential  that  the  traditional 
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oceanographic  disciplines  retain  their  identity  and  vitality.  One 
needs  to  encourage  scientists  working  on  interdisciplinary  prob- 
lems, but  they  must  first  be  expert  in  one  or  more  of  the  basic 
disciplines.  Just  how  such  fostering  should  take  place  is  the  sub- 
ject of  debate,  and  the  reader  will  detect  a  degree  of  disagreement 
as  to  how  we  should  move  forward.  Working  out  various  combi- 
nations of  scientists  and  institutions  is  a  major  challenge  for  our 
academic  institutions  in  the  next  decade.  The  board  makes  no 
specific  recommendation  except  to  note  that  the  strength  of  the 
U.S.  scientific  community  is  its  ability  to  tolerate  and  encourage 
great  diversity  in  its  institutions. 

Because  the  following  sections  were  written  by  a  number  of 
different  authors,  they  differ  in  style  and  content.  The  sections 
are  not  meant  to  be  all  inclusive  but  instead  to  provide  a  flavor  of 
the  excitement  of  each  discipline  of  oceanography. 

The  treatment  here  of  coastal  oceanography  is  anomalous  be- 
cause it  deals  with  a  geographic  region — that  is,  shorelines,  estu- 
aries, bays,  and  the  continental  shelf — and  not  a  discipline.  The 
large  percentage  of  the  U.S.  and  world  population  that  lives  in  the 
coastal  zone,  and  the  multiple  human  uses  and  impacts  on  the 
coastal  ocean,  place  this  area  of  oceanography  much  more  con- 
spicuously and  immediately  in  the  public  policy  arena.  Unlike 
the  participants  in  deep-water  marine  science,  states,  cities,  and 
private  enterprise  are  all  prominent  players  in  understanding  and 
using  the  coastal  ocean.  The  interplay  of  the  basic  sciences  of 
fluid  flow,  chemistry,  biology,  shoreline  physics,  and  geology  with 
public  policy  concerns  leads  to  a  near-term  urgency  that  cuts  across 
scientific  disciplines.  However,  it  is  important  to  recognize,  as 
this  report  does,  that  the  foundations  of  understanding  must  rest 
firmly  on  the  underlying  basic  sciences. 

DIRECTIONS  FOR  PHYSICAL  OCEANOGRAPHY 

Summary 

The  great  volume  of  water  in  the  ocean  exerts  a  powerful 
influence  on  the  Earth's  climate  by  absorbing,  storing,  transport- 
ing, and  releasing  heat,  water,  and  trace  gases.  The  goal  of  physi- 
cal oceanography  is  to  develop  a  quantitative  understanding  of 
the  ocean's  physical  processes,  including  circulation,  mixing,  waves, 
and  fluxes  of  energy,  momentum,  and  chemical  substances  within 
the  ocean  and  across  its  boundaries.  Addressing  such  problems 
will  require  sustained  large-scale  observations  of  the  world  ocean 
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aided  by  advances  in  measurement  and  computational  technol- 
ogy. Designing  and  deploying  a  global  ocean  observing  system  are 
among  the  most  important  and  difficult  tasks  for  physical  ocean- 
ography and  climate  studies  for  the  next  decade.  Such  a  system 
would  incorporate  existing  measurement  programs  as  w^ell  as  ob- 
servations that  are  not  yet  routine. 

Several  topics  will  dominate  physical  oceanographic  research 
in  the  coming  decade.  Research  in  modeling,  ocean  mixing,  ther- 
mohaline  circulation,  and  water  mass  formation  processes  will  be 
important.  To  achieve  their  scientific  objectives  and  to  make 
more  complete  ocean  observations,  physical  oceanographers  must 
use  both  proven  methods  and  new  technologies,  including  acous- 
tic techniques;  measurements  made  from  volunteer  observing  ships; 
satellite  observations  and  data  relay;  and  measurements  of  the 
distributions  of  trace  chemicals. 

Introduction 

The  ocean  consists  of  nearly  1.4  billion  cubic  kilometers  of 
salty  water,  about  97  percent  of  the  free  water  on  Earth.  In  com- 
parison, the  atmosphere  holds  only  about  0.001  percent.  This 
volume  of  water  exerts  a  powerful  influence  on  Earth's  climate  by 
transporting  heat,  water,  and  other  climate-relevant  properties  around 
the  globe  and  by  exchanging  these  properties,  as  well  as  green- 
house gases  (e.g.,  carbon  dioxide,  methane,  and  chlorofluorocar- 
bons),  with  the  atmosphere.  Net  ocean  absorption  of  greenhouse 
gases  and  some  greenhouse-induced  heat  from  the  atmosphere  can 
delay  greenhouse  warming  of  the  atmosphere.  Predicting  future 
climate  conditions  depends  on  learning  what  controls  ocean  cir- 
culation and  water  mass  formation,  and  whether  the  system  is 
predictable,  even  in  principle. 

Physical  oceanography,  like  many  fields  of  science,  consists  of 
theory,  observations,  and  numerical  models.  Physical  oceanographic 
theories  use  the  equations  of  fluid  dynamics,  modified  to  account 
for  Earth's  rotation  and  shape  (e.g.,  O'Brien,  1985).  A  goal  of 
physical  oceanography  is  to  develop  a  quantitative  understanding 
of  the  ocean  circulation,  including  fluxes — of  energy,  momentum, 
and  chemical  substances — within  the  ocean  and  across  its  bound- 
aries. Physical  oceanographers  must  contribute  to  the  increasing 
societal  emphasis  on  measuring,  predicting,  and  planning  for  changes 
in  global  climate  by  improving  understanding  of  the  physical  fac- 
tors that  maintain  the  overall  physical,  chemical,  and  biological 
characteristics  of  the  ocean.    Advances  in  measurement  and  com- 
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putational  technology  will  continue  to  contribute  to  advances  in 
physical  oceanography. 

Studies  of  climate  change  put  the  skills  of  oceanographers  to  a 
severe  test.  The  time  scales  are  long:  interannual,  decadal,  and 
beyond.  Physical  processes  are  three  dimensional  and  involve 
interaction  of  the  ocean  with  the  atmosphere.  Winds  transfer 
momentum  and  promote  mixing  and  evaporation.  Atmospheric 
temperature  influences  the  density  of  ocean  surface  layers  through 
effects  on  seawater  temperature  and  salinity  (through  ice  forma- 
tion and  melting),  which  in  turn  modify  the  atmosphere.  Devel- 
opment of  the  physical  state  of  the  ocean  is  difficult  to  model 
because  it  involves  the  complex  interaction  of  processes  that  op- 
erate on  vastly  different  time  and  space  scales.  Nonetheless,  progress 
is  being  made.  Techniques  that  will  permit  better  and  more  fre- 
quent observations  are  being  developed,  and  advances  in  numeri- 
cal modeling  will  soon  permit  representation  of  the  major  compo- 
nents of  ocean  circulation. 

Ocean  observations  reflect  the  state  of  the  ocean  and  hence 
the  forces  acting  on  it.  Because  observations  are  made  in  a  corro- 
sive, turbulent  environment  with  high  pressures  at  depth,  they 
are  difficult  and  expensive  to  obtain.  Because  of  the  size  and 
variability  of  the  ocean,  measurements  are  always  incomplete  in 
space  and  time.  Yet  understanding  the  ocean  depends  on  adequate 
measurements,  and  to  make  them  we  need  to  use  technologies 
that  permit  a  view  of  the  global  ocean.  Technologies  based  on 
acoustics,  space-based  remote  sensing,  and  underway  automatic 
measurements  could  all  be  applied  to  global-scale  observations. 

Predictions  of  the  ocean  can  be  carried  out  only  when  the 
initial  and  boundary  conditions  are  provided  from  observations 
with  an  accuracy  and  precision  consistent  with  the  physics  present. 
Because  oceanic  observations  are  so  expensive,  models  and  theo- 
ries must  be  used  to  help  determine  the  most  cost-effective  mea- 
surements and  measurement  systems. 

Global  Ocean  Observing  System 

Physical  oceanographic  observations  and  modeling  are  becom- 
ing global,  but  the  resources  required  to  deploy  and  sustain  large- 
scale  observations  of  the  world  ocean  are  enormous.  The  exact 
configuration  of  a  global  ocean  observing  system  is  unknown,  but 
it  would  probably  include  existing  observations  from  satellites, 
moored  open  ocean  sensors,  volunteer  observing  ships,  and  the 
global  sea-level  network,  as  well  as  other  observations  that  are 
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not  yet  defined  or  collected  routinely.  The  scientific  and  techno- 
logical results  from  several  ongoing  large-scale  research  programs — 
the  Tropical  Ocean-Global  Atmosphere  program,  the  World  Ocean 
Circulation  Experiment  (WOCE),  and  the  Joint  Global  Ocean  Flux 
Study — should  be  used  to  design  an  operational  observation  sys- 
tem that  is  effective,  affordable,  and  consistent  with  our  knowl- 
edge of  the  scales  of  ocean  biology,  chemistry,  and  physics.  It 
would  be  the  largest  field  enterprise  ever  undertaken  by  the  oceano- 
graphic  community,  and  it  must  have  an  international  and 
multidisciplinary  scope  well  beyond  previous  experience.  The 
design  and  implementation  of  a  global  ocean  observing  system 
(GOOS)  must  involve  ocean  scientists  substantially  because  the 
design  is  extremely  important  to  the  science  itself  and  depends  on 
firm  scientific  understanding.  Designing  and  deploying  a  GOOS 
is  one  of  the  most  im.portant  and  difficult  tasks  for  physical  ocean- 
ography and  climate  studies  in  the  next  decade.  The  United  States 
should  take  a  major  leadership  role  in  both  the  research  and  the 
operations. 

Because  of  the  present  paucity  of  ocean  data,  numerical  mod- 
els are  important  in  the  development  of  a  GOOS.  Models  will  be 
used  to  interpret  available  data  for  testing  possible  system  designs 
and,  ultimately,  to  interpret  the  data  from  such  a  system. 

Major  Research  Topics  for  the  Coming  Decade 

Several  topics  will  dominate  physical  oceanographic  research 
in  the  coming  decade.  The  list  is  incomplete,-  the  topics  men- 
tioned received  some  emphasis  during  the  Ocean  Studies  Board 
workshops  as  representing  key  research  issues  and  include  the 
following:  research  in  modeling;  ocean  mixing,  including  interior 
mixing  and  the  surface  mixed  layer,-  thermohaline  circulation,-  and 
heat  and  freshwater  fluxes. 


Ocean  Modeling 

The  central  focus  of  numerical  modeling  of  the  ocean  has  been, 
and  continues  to  be,  directed  toward  fluid  dynamics,  but  the  mod- 
els have  importance  far  beyond  physical  oceanography.  For  ex- 
ample, communities  of  organisms  in  the  upper  ocean  live  in  a 
delicate  balance,  depending  on  the  stability  of  the  water  column, 
its  mixing  rates,  and  its  large-scale  vertical  and  horizontal  fluid 
movements.  Our  limited  ability  to  predict  the  movements  of  the 
upper  ocean  limits  understanding  of  basic  biological  processes. 
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The  transfer  of  gases  between  atmosphere  and  ocean  is  central  to 
the  carbon  cycle;  this  transfer  relies  on  many  scales  of  circulation 
and  mixing. 

Combined  atmosphere-ocean  simulations  at  interannual  time 
scales  require  more  accurate  ocean  models.  The  present  genera- 
tion of  coupled  atmosphere-ocean  models  exhibits  unacceptable 
drifts  (Manabe  and  Stouffer,  1988).  Climate  forecast  models  must 
be  free  of  even  small  systemic  errors  that  accumulate  over  long 
simulated  periods,  hiding  the  signals  that  are  sought.  To  under- 
stand and  mimic  the  paleoceanographic  record,  a  major  test  of 
global  models,  one  must  be  able  to  carry  model  integrations  over 
time  scales  corresponding  to  thousands  or  tens  of  thousands  of 
years.  It  is  not  clear  that  ocean  and  atmosphere  behavior  is  pre- 
dictable on  scales  of  decades  or  longer.  The  limits  of  predictabil- 
ity are  being  explored  as  a  research  topic. 

The  global  ocean  is  so  large  and  its  circulation  occurs  over 
such  a  variety  of  space  (tens  to  thousands  of  kilometers)  and  time 
(days  to  centuries)  scales  that  ocean  circulation  modeling  has  al- 
ways overwhelmed  even  the  largest  supercomputers.  This  situa- 
tion will  probably  remain  for  some  decades  to  come.  Thus  it  is  a 
major  intellectual  challenge  to  design  models  of  ocean  circulation 
with  time  and  space  increments  small  enough  to  model  processes 
adequately,  given  foreseeable  limitations  in  computing  resources. 

Prominent  features  and  processes  that  must  be  incorporated 
more  accurately  into  physical  oceanographic  models  (in  a  manner 
consistent  with  observations)  include  the  effects  of  complex  bot- 
tom topography  on  deep-water  masses,  deep  vertical  and  horizon- 
tal mixing,  eddies  and  fronts  in  the  upper  ocean,  the  interaction 
of  water  flow  and  diffusion  of  a  variety  of  properties,  boundary 
effects  at  the  seafloor  and  surface,  and  the  dynamics  of  shallow 
and  deep  boundary  currents. 

Ocean  Mixing 

Interior  Mixing  Large-scale  ocean  circulation  is  coupled  with, 
and  partially  controlled  by,  small-scale  mixing  processes.  Under- 
standing the  places,  rates,  and  mechanisms  by  which  the  ocean 
mixes  heat,  salt,,  and  momentum  is  crucial  to  understanding  the 
circulation  of  the  largest  scales  and  essential  to  any  capability  to 
predict  future  oceanic  states.  It  is  intimidating  to  realize  that  to 
understand  the  dynamics  of  large-scale  circulation  and  convective 
water  mass  formation,  we  must  also  understand  the  physics  act- 
ing on  the  smallest  scales  (centimeters  and  millimeters).    Heat- 
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ing,  cooling,  flow,  and  mixing  processes  act  together  to  determine 
physical  properties  of  the  ocean.  Changes  in  any  one  of  these 
processes  can  affect  the  global  climate  system.  Significant  progress 
in  the  observation  of  ocean  mixing  processes  and  in  the  interpre- 
tation of  these  observations  has  been  made,  but  understanding 
remains  inadequate. 

The  capability  to  compare  direct  mixing  measurements  (through 
microstructure  and  purposeful  tracer  releases)  with  natural  mix- 
ing (estimated  indirectly  from  natural  tracer  distributions)  is  rap- 
idly accelerating  our  understanding  of  mixing  processes  (Watson 
and  Ledwell,  1988).  The  results  of  such  comparisons  will  direct 
future  research.  For  example,  if  deep-sea  observations  confirm 
that  mixing  rates  are  lower  than  predicted,  attention  will  focus  on 
mixing  processes  in  the  benthic  boundary  layer  and  continental 
slopes.  If  tracer  studies  indicate  significantly  more  mixing  than 
is  seen  by  direct  measurement,  double  diffusive  and  other  mecha- 
nisms will  be  explored.  With  new  observational  techniques  and  a 
clear  measurement  strategy,  significant  progress  can  be  expected 
in  the  coming  decade  in  the  study  of  ocean  mixing. 

Surface  Mixed  Layer  The  primary  production  that  supports  the 
entire  marine  food  web  occurs  in  the  upper  sunlit  portion  of  the 
ocean  (the  euphotic  zone),  where  photosynthesis  occurs.  Our  growing 
concern  for  climate  variation  makes  understanding  the  uptake  of 
carbon  dioxide  related  to  photosynthesis  of  particular  importance. 
Fortunately^  several  developments  over  the  last  few  years  in  bio- 
logical oceanography,  marine  chemistry,  and  ocean  physics  prom- 
ise advances  in  the  study  of  the  biological-chemical  cycles  in  the 
euphotic  zone.  Exploitation  of  new  techniques  could  significantly 
improve  our  ability  to  predict  various  aspects  of  global  environ- 
mental change,  including  the  ocean's  role  in  sequestering  carbon 
dioxide. 

The  topmost  layer  of  the  ocean  is  called  the  "mixed  layer" 
because  the  waters  are  mixed  by  wind,  waves,  and  currents.  This 
layer  is  often  nearly  homogeneous  in  temperature  and  chemical 
characteristics,  and  is  bounded  by  the  sea  surface  and  a  layer  of 
denser  water.  The  transfer  of  gases  between  atmosphere  and  ocean 
depends  primarily  on  mixed-layer  processes.  Understanding  the 
physics  of  the  ocean  surface  mixed  layer,  and  its  coupling  with 
the  ocean  interior  and  the  atmosphere,  is  essential  if  the  com- 
bined biogeochemical  systems  of  ocean  and  atmosphere  are  to  be 
represented  correctly  in  ocean  m.odels.  Mixed-layer  studies  are 
among  the  endeavors  of  physical  oceanography  in  which  strong 
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interaction  with  the  fields  of  biology  and  chemistry  is  particu- 
larly rewarding.  The  rates  of  heat,  water,  gas,  and  momentum 
exchange  across  the  ocean-atmosphere  interface  must  be  estimated 
better  from  easily  measured  or  calculated  environmental  param- 
eters (e.g.,  wind,  temperature  differences  across  the  air-sea  inter- 
face, v/aves,  and  stability  of  the  mixed  layer). 

Because  photosynthesis  involves  the  conversion  of  carbon  di- 
oxide and  nutrients  into  living  material  and  oxygen,  the  euphotic 
zone  is  an  immediate  sink  for  atmospheric  carbon  dioxide.  The 
flow  and  mixing  of  water  masses  and  the  transport  of  nutrients 
and  particles  that  control  phytoplankton  populations  depend  on 
physical  oceanographic  processes.  Understanding  the  mixed  layer 
is  a  complex  problem  involving  studies  in  marine  biology,  chem- 
istry, and  physics.  In  a  crude  sense,  the  mixed  layer  can  be  re- 
garded as  controlled  by  a  set  of  chemical  reactions  in  which  bio- 
logical processes  determine  most  of  the  reaction  rates  (nutrient 
fixation  and  regeneration)  and  physical  processes  (advection,  mix- 
ing, and  particle  sinking)  determine  the  rates  at  which  reactants 
and  products  are  provided  to  or  removed  from  the  system. 

The  physical  oceanographer's  approach  to  studying  the  surface 
mixed  layer  involves  measurement  of  currents  and  horizontal  varia- 
tions to  determine  advection,  microstructure  measurements  to  study 
turbulent  fluxes,  and  measurements  of  deeper  properties  to  infer 
vertical  flows.  Chemical  oceanographers  study  the  latter  process 
using  time-dependent  tracers  to  estimate  the  vertical  path  of  wa- 
ter masses  and  observe  changes  along  it.  Both  methods  can  be 
strengthened  by  a  model  that  integrates  the  measurements. 

Thermohaline  Circulation  In  a  few  limited  regions  of  the  ocean, 
a  combination  of  low  temperature  and  high  salinity  produces  dense 
surface  water  that  flows  into  the  deep  ocean  and  spreads  laterally 
to  initiate  global-scale  thermohaline  circulation.  Deep-reaching 
convection  occurs  in  the  northern  North  Atlantic  Ocean  and  around 
Antarctica.  These  water  masses  spread  throughout  the  ocean  and 
force  deep  ocean  water,  which  has  been  made  more  buoyant  by 
the  downward  diffusion  of  heat,  to  upwell  slowly.  Eventually,  the 
upweiled  water  migrates  back  to  the  sinking  regions  to  complete 
a  thermohaline  circulation  ceil  (see  Gordon  et  al.,  1992).  Water 
masses  formed  in  different  regions  vary  in  terms  of  temperature, 
salinity,  nutrient  concentrations,  and  stored  carbon  content.  The 
relative  contribution  from  each  source  region  determines  the  ocean's 
average  temperature,  salinity,  and  other  properties,  such  as  carbon 
storage.     In  addition,  this  downward  flow  of  surface  water  pro- 
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vides  a  link  between  the  atmosphere  and  the  deep  ocean.  Thus  a 
better  understanding  of  the  global  climate  system  requires  a  de- 
tailed understanding  of  the  thermohaline  circulation,  its  vulner- 
ability to  change,  and  the  processes  that  govern  water  mass  for- 
mation rates.  Once  these  factors  are  understood,  they  can  be 
represented  in  global  ocean  and  climate  models. 

There  is  evidence  that  surface  salinity  fluctuations  in  the  high- 
latitude  North  Atlantic  Ocean  control  the  thermohaline  circula- 
tion by  altering  North  Atlantic  Deep  Water  (NADW)  formation. 
One  possible  mechanism  to  slow  NADW  formation  is  capping  of 
the  ocean  surface  with  low-salinity  water,  such  as  Arctic  Ocean 
waters  (Weyl,  1968).  During  the  last  century,  there  were  at  least 
two  episodes  of  low  surface  salinity  water  in  the  northern  North 
Atlantic  Ocean  [the  latter  during  the  late  1960s  and  1970s  is  re- 
ferred to  as  the  great  salinity  anomaly  (Dickson  €t  al.,  1988)]  that 
drastically  reduced  or  stopped  convection  and  NADW  production. 
Changes  in  the  twentieth  century  are  very  small  compared  to 
suspected  changes  in  NADW  formation  rates  during  the  swings 
between  glacial  and  interglacial  periods  (Boyle,  1990). 

The  Indian  Ocean  is  a  strongly  evaporative  ocean.  Lacking  a 
northern  polar  region,  the  tropical  heating  of  the  Indian  Ocean 
cannot  be  vented  by  flow  to  the  north.  Strong  evaporation  ui  the 
Red  Sea  and  Persian  Gulf  forms  warm  salty  water  that,  like  the 
Mediterranean  outflow,  is  small  in  volume  but  adds  significant 
heat  and  salt  to  the  deep  ocean.  The  role  of  the  Indian  Ocean  in 
larger-scale  thermohaline  circulation  remains  unclear  and  should 
be  studied  in  the  coming  years. 

The  sea  ice  cover  of  the  Southern  Ocean  acts  to  decouple  the 
ocean  from  the  atmosphere,  limiting  cooling  of  the  ocean  by  the 
polar  atmosphere.  The  insulating  blanket  of  sea  ice  protects  the 
ocean  from  the  cold  atmosphere.  The  extreme  seasonality  and 
rapid  spring  melting  of  the  Southern  Ocean  sea  ice  cover  suggest 
that  the  heat  earned  into  the  surface  layer  by  the  upwelling  of 
deep  water  is  a  key  in  understanding  the  Southern  Ocean  sea  ice 
budget;  the  buildup  of  heat  within  the  mixed  layer  under  the 
winter  ice  cover  induces  melting  even  before  solar  radiation  melts 
the  ice  from  above.  Ocean  heat  flux  also  limits  sea  ice  thickness 
during  the  winter  to  less  than  1  meter,  in  contrast  to  the  3-meter 
ice  of  the  more  stable  Arctic  Ocean. 

Heat  and  Freshwater  Fluxes  The  ocean  interacts  with  the  atmo- 
sphere in  affecting  the  heat  and  freshwater  fluxes  that  control  the 
climate  system.     Estimates  of  the  fluxes  to  and  from  the  ocean 
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and  atmosphere  are  difficult  to  obtain  with  adequate  accuracy, 
and  at  the  present  time  there  are  serious  conflicts  among  values 
estimated  from  atmospheric  models  and  data,  from  oceanic  mod- 
els and  data,  and  from  the  boundary  layers  in  the  two  media. 

The  ocean  and  atmosphere  contribute  roughly  equally  to  the 
transport  of  heat  from  lower  latitudes  toward  the  polar  regions — a 
transport  that  is  required  to  maintain  the  global  radiation  balance 
at  the  top  of  the  atmosphere — although  the  relative  importance  of 
the  two  transport  mechanisms  varies  with  latitude.  The  massive 
amounts  of  water  moving  in  the  ocean  render  it  a  crucial  trans- 
porter of  moisture,  but  we  have  little  idea  of  the  sizes  of  freshwa- 
ter sources  and  sinks  over  the  ocean  (Baumgartner  and  Reichel, 
1975).  Their  distribution  must  have  profound  effects  on  the  dis- 
tribution of  rainfall  over  land,  an  important  component  of  the 
climate  in  habitable  regions  of  the  world.  Low  surface  salinity 
caps  the  ocean,  attenuating  convection  and  deep-reaching  water 
mass  formation.  High  surface  salinity,  combined  with  surface 
cooling,  allows  deep  convection  and  ventilation  of  the  interior  of 
the  ocean. 

We  need  to  monitor  changes  in  ocean  surface  salinity  globally. 
Satellite  sensors  monitor  sea  surface  temperature  and  its  anoma- 
lies, but  monitoring  sea  surface  salinity  and  its  anomalies  on  a 
global  scale  is  beyond  present  capabilities,  as  is  determination  of 
the  temperature  below  the  very  surface. 

Over  the  last  decade,  oceanographers  have  begun  making  di- 
rect estimates  of  the  north-south  ocean  heat  and  freshwater  trans- 
ports using  transoceanic  hydrographic  sections  and  modern  mea- 
surements of  strong  boundary  currents  and  then  comparing  them 
with  the  more  uncertain  indirect  estimates  based  on  atmospheric 
data.  To  understand  heat  and  freshwater  transport  fully,  oceanog- 
raphers must  describe  the  general  ocean  circulation  and  its  vari- 
ability. It  is  discouraging,  however,  that  since  1985,  only  six 
transoceanic  hyi.irographic  sections,  the  backbone  of  the  observa- 
tions needed  to  determine  the  north-south  fluxes,  have  been  car- 
ried uut:  at  4"^,  24=,  and  10°  north  latitude  in  the  Pacific;  32" 
south  latitude  m  the  Indian  Ocean;  and  11^  north  latitude  in  the 
Atlantic.  OverLoming  organizational  and  funding  obstacles  for 
these  long  hydrographic  sections  takes  major  effort  by  individual 
scientists.  However,  WOCE  has  plans  to  make  the  necessary  mea- 
surements for  determining  the  ocean  heat  transport  in  each  ocean 
basjn  at  several  latitudes  (WOCE  Scientific  Steering  Group,  1986). 
This  work  is  a  central  focus  of  WOCE  and  is  clearly  needed  if 
understanding  of  how  the  present  climate  system  works  is  to  progress. 
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Provision  for  continuing  such  observation  beyond  the  end  of  WOCE 
is  essential. 


Methods 

To  achieve  their  scientific  objectives,  physical  oceanographers 
must  use  both  proven  methods  and  nev^  technologies  to  make 
more  complete  ocean  observations. 

Volunteer  Observing  Ships  The  maritime  industry  is  a  resource 
for  ocean  research  and  monitoring  that  can  no  longer  be  vievv^ed  as 
simply  an  adjunct  to  the  academic  research  fleet.  On  the  con- 
trary, its  integration  into  a  global  ocean  observing  system  would 
provide  far  greater  and  more  frequent  access  to  the  ocean  than 
will  ever  be  possible  with  research  vessels  alone. 

Volunteer  observing  ships  (VOS)  offer  opportunities  to  study 
and  monitor  the  ocean  with  a  coverage  and  frequency  that  are 
unthinkable  by  any  other  means  With  the  advent  of  new  and 
more  sophisticated  remote  sensing  techniques,  such  as  ocean  color 
scanners,  altimeters,  and  scatteronieters,  it  is  plausible  that  the 
demand  for  direct  observations  will  increase  for  several  reasons. 
First,  the  need  for  calibration  measurements  will  grow.  Second, 
the  ocean  color  scanner  vvill  observe  numerous  signals  that  re- 
quire in  situ  samples  for  identification,  interpretation,  and  analy- 
sis. Third;  as  coverage  of  the  ocean  surface  improves,  a  concomi- 
tant need  for  improved  subsurface  coverage  is  inevitable. 

Without  doubt,  a  major  impediment  to  the  use  of  VOS  is  the 
lack  of  automated  instrumentation  for  nonscientists  op  moving 
commercial  ships.  Most  instruments  are  designed  for  trained  per- 
sonnel on  research  vessels  equipped  with  laboratories.  A  new 
approach  to  the  VOS  concept  is  needed.  It  will  require  discus- 
sions and  planning  with  the  maritime  industry  internationally  to 
develop  new  modes  of  cooperation.  The  community  must  think 
of  VOS  as  a  potential  platform,  and  ship  operators  must  be  per- 
suaded that  ocepnographic  work  is  to  their  benefit.  At  the  same 
time,  the  development  of  instrumentation  optimized  for  use  on 
VOS  must  be  encouraged,  including  the  following: 

•  Modern  sensor  packages  are  needed  that  can  be  dropped  and 
retrieved  repeatedly  along  a  ship's  route  to  measure  salinity,  oxy 
gen,  and  fluorescence  {primarily  from  phytoptankton).     Data  ob- 
tained by  the  sensors  could  be  transferred  to  a  small  on-board 
computer  for  analysis  and  transmission  to  data  centers. 

•  Disposable  free-falling  sensor  packages  should  be  developed 
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that  travel  to  great  depths  and  transmit  their  data  via  acoustic 
signals  or  return  to  the  surface  and  broadcast  to  satellites.  Sensor 
packages  could  transmit  data  for  any  ocean  observation  that  can 
be  measured  in  situ.  Disposable  sensor  packages  can  transmit 
data  via  a  thin  wire  that  detaches  when  the  sensor  reaches  its 
maximum  depth,  but  free-falling  sensors  could  travel  much  deeper 
and  measure  more  accurately  than  present  devices. 

•  VOS  could  tow  instruments  to  measure  various  ocean  char- 
acteristics. When  ship  routes  and  sampling  locations  coincide, 
passing  ships  could  retrieve  data  from  moored  instruments  (e.g., 
moored  current  meters  and  inverted  echo  sounders)  by  acoustic 
signals.  At  the  least,  commercial  ships  equipped  with  acoustic 
Doppler  current  profilers  could  measure  upper  ocean  currents  and 
heat  fluxes  routmely. 

Remote  Sensing  by  Satellite  Satellites  observe  vast  areas  of  the 
ocean  surface  daily,  obtaining  data  at  a  far  faster  rate  than  surface 
vessels  and  instruments  (e.g.,  Stewart,  1985).  Satellites  also  aid 
physical  oceanography  by  transmitting  data  gathered  by  in  situ 
ocean  sensors  combined  with  highly  accurate  positioning  infor- 
mation. The  availability  of  surface  and  subsurface  instruments 
has  greatly  increased  the  volume  of  data  beyond  that  possible 
from  ship-based  observations,  and  the  instruments  provide  valu- 
able time-series  data. 

Satellite  sensors  are  used  to  map  natural  infrared  and  micro- 
wave radiation  emitted  from  the  sea  surface.  Infrared  radiation 
provides  images  of  sea  surface  temperature  patterns.  Radiation  in 
the  microwave  frequencies  is  used  to  map  sea  ice  distribution  in 
areas  of  the  globe  that  are  otherwise  poorly  accessible.  Phytoplankton 
blooms  can  be  monitored  from  space  with  sensors  that  respond  to 
the  visible  and  near-infrared  radiation  reflected  by  plankton  chlo- 
rophyll, integrating  the  effects  of  temperature,  nutrients,  and  the 
physical  structures  and  processes  of  the  ocean  surface  layer.  Sus- 
pended sediment  is  also  measured  by  visible  sensors.  Surface 
winds  are  measured  by  satellite  scatterometers.  The  sea  surface 
slope  can  be  measured  from  space  by  radar  altimeters  with  accu- 
racies adequate  for  determining  many  features  of  ocean  circula- 
tion. This  is  the  only  practicable  method  for  global-scale  con- 
tinuous observation  of  circulation.  Synthetic  aperture  radar  on 
satellites  can  measure  sea  state,  internal  waves,  and  ice  condi- 
tions with  very  high  spatial  resolution. 

Although  satellite  data  yield  a  nearly  continuous  view  of  the 
ocean,  it  is  important  to  note  that  complementary  m  situ  obser- 
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vations  from  ships  or  instrumented  drifters  are  required  to  im- 
prove the  mathematical  relationships  (algorithms)  for  calibrating 
satellite  observations  to  in  situ  values. 

A  suite  of  satellites  launched  by  the  United  States,  the  Euro- 
pean Space  Agency,  and  Japan  and  with  many  joint  satellite  mis- 
sions should  provide  many  data  required  by  physical  oceanogra- 
phers  during  the  next  decade.  Advances  in  physical  oceanography 
are  tied  closely  with  satellite  views  of  the  ocean  and  telemetry  of 
data  from  Earth's  surface.  Coordination  of  satellite  projects  with 
ocean  science  objectives  and  in  situ  ocean  measurements  is  re- 
quired. The  satellite  time  series  of  sea  surface  temperature,  winds, 
sea  ice,  ocean  color,  and  ocean  height  must  be  continued  without 
interruption  to  provide  a  complete  record  of  their  variability. 

Tracers  Distribution  of  ocean  properties  can  be  used  to  depict 
the  pattern  of  ocean  currents  and  the  effects  of  mixing  within  the 
ocean  because  water  masses  from  different  source  regions  vary  in 
their  physical  and  chemical  signatures.  Traditionally,  tempera- 
ture, salinity,  oxygen,  and  nutrient  concentrations  have  been  used 
to  track  the  movement  or  spreading  of  ocean  water  masses.  Other 
more  exotic  chemicals  present  in  minute  concentrations  (tracers) 
are  now  commonly  used  to  track  water  masses.  For  example, 
chlorofluorocarbons,  carbon- 14  and  tritium  from  atmospheric  nuclear 
bomb  testing,  and  other  natural  and  synthetic  substances  with 
known  rates  and  times  of  input  to  the  atmosphere  have  been  used 
as  tracers.  Tracers  average  the  spreading  action  of  ocean  circula- 
tion at  a  variety  of  scales  and  integrate  the  effects  of  many  pro- 
cesses. The  infiltration  of  naturally  occurring  and  synthetic  chemical 
tracers  into  the  ocean  provides  insight  about  the  time  scales  of 
ocean  circulation  and  mixing.  The  development  of  baseline  time 
series  of  tracer  concentrations  is  important. 

Acoustic  Techniques  Because  the  ocean  is  transparent  to  sound 
but  opaque  to  light,  acoustic  techniques  provide  oceanographers 
with  the  opportunity  to  see  the  interior  of  the  ocean.  In  a  real 
sense,  the  hydrophone  array  serves  as  the  underwater  eyes  and 
ears  of  the  oceanographer.  The  enormous  bandwidth  of  available 
underwater  acoustic  instrumentation  (10"-^  to  10^  hertz)  allows 
sound  to  be  used  as  a  probe  of  structures  and  processes  whose 
scales  range  from  millimeters  to  ocean  basin  scales.  The  ocean  is 
especially  transparent  to  low-frequency  sound.  Consequently, 
underwater  sound  is  becoming  an  important  means  of  studying 
the  three-dimensional  structure  of  the  ocean  below  its  surface. 
Continuous  measurements  of  current  velocity  from  shipboard  acoustic 
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sensors  give  a  two-dimensional  record  of  ocean  currents  to  several 
hundred  meters.  Acoustic  techniques  are  also  used  to  track  sub- 
surface floats  and  transmit  information  between  ships  and  sen- 
sors at  depth.  Yet,  sound  is  an  underemployed  tool  in  oceanogra- 
phy. Significant  advances  should  be  made  during  the  next  decade 
in  physical,  biological,  and  geological  oceanography  as  a  result  of 
thoughtful  application  of  acoustic  principles  and  techniques  for 
direct  probing  and  information  transfer.  Because  of  its  inherent 
global  nature,  the  acoustic  monitoring  of  ocean  climate  is  a  strong 
candidate  for  a  global  ocean  observing  system. 

The  air-sea  interface  provides  a  variety  of  challenges  and  op- 
portunities to  the  oceanographer  using  acoustic  techniques.  The 
formation  and  subsequent  collapse  of  bubbles  are  important  sources 
of  sound  whose  monitoring  could  provide  an  estimate  of  wave 
breaking  intensity  from  which  gas  transfer  rates  could  be  inferred. 
Such  measurements  give  important  insight  into  poorly  understood 
sea  surface  physics.  The  passive  measurement  of  rainfall-generated 
sound  is  a  way  to  measure  precipitation  in  the  open  ocean.  Direct 
measurement  of  precipitation  is  difficult  to  obtain  and  generally 
inaccurate.  Better  measurements  of  precipitation  over  the  ocean  are 
important  because  of  its  effect  on  the  global  heat  and  water  budgets. 

Some  of  the  oceanographic  applications  of  underwater  sound 
are  simple.  Others  will  require  improvements  in  our  understand- 
ing of  the  physics  of  sound  propagation  in  the  sea  and  improved 
signal  processing  techniques  and  instrumentation. 

DIRECTIONS  FOR  MARINE  GEOCHEMISTRY 

Summary 

Studies  of  chemicals  dissolved  in  seawater,  adsorbed  on  sus- 
pended particles,  incorporated  in  living  or  nonliving  organic  ma- 
terial, and  buried  in  seafloor  sediments  have  yielded  much  infor- 
mation about  Earth  processes  and  past  conditions.  Environmental 
conditions  are  imprinted  on  particles  that  fall  to  the  seafloor  and 
are  buried  over  time.  With  adequate  understanding  about  pro- 
cesses that  affect  chemical  concentrations  and  forms  after  deposi- 
tion, sediments  recovered  by  seafloor  drilling  can  illuminate  Earth's 
environmental  history  for  millions  of  years  into  the  past.  In  addi- 
tion, modern  ocean  processes  can  be  studied  by  measuring  the 
concentrations  of  trace  elements  and  compounds  in  seawater.  For 
example,  measurement  of  trace  element  distributions  is  a  major 
tool  used  by  physical  oceanographers  to  study  ocean  circulation. 
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The  ocean  is  a  chemical  reactor,  with  inputs,  internal  reac- 
tions, and  outputs.  Inputs  are  received  from  continents  via  rivers 
and  airborne  transport.  Other  chemicals  enter  the  ocean  from 
hydrothermal  sources,  primarily  at  mid-ocean  ridges.  As  oceanic 
crust  is  subducted  beneath  continents,  elements  are  expelled  from 
both  the  crust  and  its  overlying  sediment  layer.  Finally,  a  minor 
proportion  of  input  to  the  ocean  comes  from  cosmic  sources.  In- 
puts are  the  least  understood  part  of  the  reactor. 

Elements  are  redistributed  in  the  ocean  by  circulation  and 
mixing,  and  are  transformed  through  chemical  reactions  and  bio- 
logical activity.  Chemicals  finally  exit  the  reactor  through  incor- 
poration into  seafloor  sediments.  The  residence  time  of  chemi- 
cals in  seawater  and  in  the  sediments  depends  on  properties  of  the 
chemicals,  as  well  as  chemical,  physical,  and  biological  condi- 
tions. Chemical  oceanographers  seek  to  understand  the  present 
reactor  and  then,  from  examination  of  changes  in  the  outputs 
over  time,  determine  variations  in  the  reactor's  behavior  and  the 
compositions  and  fluxes  of  inputs  in  the  past.  With  this  informa- 
tion, the  limits  of  future  oceanic  changes  under  given  climatic 
and  tectonic  scenarios  can  be  estimated. 

Future  studies  in  chemical  oceanography  will  be  aided  by  new 
instruments  that  are  capable  of  analyzing  a  wide  variety  of  ele- 
ments and  isotopes  contained  in  sm.all  samples.  Greater  knowl- 
edge of  processes  controlling  fluxes,  redistribution,  and  removal, 
and  improvements  in  our  ability  to  read  the  sedimentary  record 
are  likely  in  the  coming  decade. 

Introduction 

Marine  geochemistry  integrates  several  oceanographic  disci- 
plines. The  aims  of  marine  geochemistry  are  (1)  to  understand 
the  inputs  of  elements  from  the  continents,  mantle,  and  cosmic 
sources  into  the  ocean  over  time;  (2)  to  understand  the  process  of 
material  removal  from  the  ocean  to  the  sediments  and  oceanic 
crust;  (3)  to  understand  the  process  by  which  elements  and  their 
isotopes  are  redistributed;  (4)  to  determine  the  mechanisms  of 
chemical  coupling  between  the  ocean  and  the  atmosphere,  and 
interpret  the  sedimentary  record  of  past  oceanic  change;  and  (5)  to 
study  marine  organic  compounds  both  in  their  relation  to  the 
above  factors  and  to  the  global  carbon  cycle,  and  as  detectors  of 
oceanographic  properties  over  time. 

Oceanic  sedimxcnts  record  environmental  events  over  the  past 
180  million  years  of  Earth's  history.    Ocean  water  in  which  sedi- 
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ment  particles  are  formed  or  through  which  they  pass  is  both  an 
agent  of  transport  and  the  site  where  information  about  environ- 
mental conditions  is  imprinted  onto  components  that  eventually 
become  part  of  marine  sediments.  Geochemical  signatures  in  the 
sediments  complement  the  sedimentological  and  paleontologic  record 
in  special  ways.  Oxygen  and  carbon  isotopes  in  marine  calcare- 
ous shells  or  tests  and  organic  remains  provide  insight  into  ocean 
surface  temperatures,  ocean  circulation,  and  the  extent  of  ice  storage 
in  past  glaciations.  Trace  elements  such  as  cadmium  and  barium 
add  to  our  understanding  of  deep-ocean  circulation  and  upwelling. 
Isotopes  produced  by  cosmic  rays,  those  originating  from  uranium 
decay,  and  those  produced  or  enhanced  by  human  activities,  pro- 
vide information  on  chronology,  sediment  properties,  oceanic  up- 
welling,  deep-water  formation,  and  transport  of  elements.  The 
unique  properties  of  the  isotope  ratios  ^^Sr/*^Sr,  ^"*5pb/^°''Pb,  ''*^Nd/ 
^'^'^Nd,  and  ^^^Os/^^^Os  permit  insights  into  the  geologic  questions 
of  plate  tectonics  because  the  isotopic  composition  of  seawater 
reflects  the  isotopic  composition  and  relative  importance  of  each 
source,  for  example,  material  derived  from  the  mantle  and  conti- 
nental rock  weathering. 

Although  present  in  greatly  diluted  concentrations,  marine  or- 
ganic substances  play  a  key  role  in  the  global  carbon  cycle  as 
modulators  and  tracers  of  oceanic  processes.  For  example,  or- 
ganic remains  account  for  approximately  20  percent  of  all  carbon 
buried  in  marine  sediments  and  thus  are  an  important  sink  for 
atmospheric  carbon  dioxide.  The  burial  of  organic  matter  and  its 
subsequent  oxidation  essentially  control  atmospheric  oxygen  lev- 
els over  geologic  time.  Dissolved  organic  matter  in  seawater  may 
contain  a  mass  of  carbon  comparable  to  that  in  terrestrial  biomass 
and  could  potentially  affect  atmospheric  carbon  dioxide  concen- 
trations on  a  time  scale  of  a  thousand  years — the  ocean's  turnover 
time.  In  addition,  organic  molecules  in  particulate  and  dissolved 
forms  are  important  vehicles  for  the  transport  of  reducing  power, 
nutrients,  and  trace  elements  throughout  the  ocean  and  across  the 
air-sea  and  sea-sediment  interfaces.  Organic  molecules  in  the 
marine  environment  are  couriers  of  unique  information  about  the 
sources,  pathways,  and  histories  of  the  associated  particles  and 
water. 

The  Ocean  Reactor 

The  ocean  receives  dissolved  and  particulate  material  from  a 
variety  of  sources  and  pathways.    Traditionally,  river  inputs  were 
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regarded  as  the  major  contributor  of  dissolved  material.  Wind 
transport  of  dust  was  recognized  as  adding  to  the  particle  flux 
borne  by  streams,  and  the  input  of  altered  volcanic  material  to 
deep-sea  sediments  was  clearly  identified  by  the  1960s.  Within 
the  past  15  years,  deep-sea  hydrothermal  activity,  predominantly 
at  spreading  centers,  was  found  to  be  important  as  both  a  source 
and  a  sink  of  elements.  In  addition,  a  significant  flux  of  dissolved 
material  may  be  expelled  from  sedimentary  wedges  and  underly- 
ing oceanic  crust  as  they  descend  into  the  mantle  through  sub- 
duction  zones.  Cosmic  dust  and  cosmic  ray-produced  nuclides 
4  are  not  a  major  input  to  the  ocean  in  terms  of  volume,  but  are 
important  as  tracers  and  for  understanding  episodic  influxes  of 
significance  to  the  history  of  our  planet. 

Elements  are  redistributed  within  the  ocean  in  dissolved  form 
by  horizontal  and  vertical  advection,  diffusive  mixing,  and  incor- 
poration into  particles.  Chemical  species  are  removed  from  the 
ocean  as  particles  settle  to  the  seafloor,-  they  also  react  directly 
with  the  seafloor  as  the  result  of  diffusion  and  circulation  through 
sediments  and  the  oceanic  crust.  Seafloor  sediments  and  altered 
rocks  undergo  secondary  reactions  over  time,  and  their  composi- 
tion may  change  substantially.  From  a  chemical  point  of  view 
then,  the  oceans  are  a  large  chemical  reactor  with  multiple  feeds 
and  outputs.  Chemical  oceanographers  want  to  understand  the 
present  reactor  and  then,  from  examination  of  changes  in  the  out- 
puts over  time,  determine  variations  in  the  reactor's  behavior  and 
the  compositions  and  fluxes  of  inputs  in  the  past.  With  this 
information,  the  limits  •^f  future  oceanic  changes  under  given  cli- 
matic and  tectonic  scenarios  can  be  estimated. 

Geochemical  study  of  the  oceanic  water  column  and  the  out- 
put of  elements  to  the  sediments  is  now  relatively  mature.  The 
descriptive  phase  is  largely  complete,  and  studies  of  mechanisms 
are  growing  more  numerous.  For  inputs  of  elements  to  the  ocean, 
however,  quantitative  research  is  difficult  and,  in  the  case  of  in- 
puts from  the  continents,  may  not  correctly  reflect  disturbances 
in  terrestrial  inputs  caused  by  humankind.  These  disturbances 
have  occurred  on  time  scales  of  a  few  years  to  several  centuries, 
and  the  ocean  has  not  yet  equilibrated  to  the  altered  inputs. 

Fluxes 

Quantitative  measurement  of  river  inputs  is  difficult  because 
measurements  of  fluid  discharge  from  rivers  are  uneven  in  qual- 
ity, frequency,  and  distribution.    Because  the  best  data  are  avail- 
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able  from  developed  regions  of  the  world,  they  do  not  necessarily 
represent  areas  less  impacted  by  human  activities. 

Many  of  these  same  uncertainties  apply  to  airborne  inputs. 
Transport  is  strongly  seasonal  and  diffuse,  and  thus  is  difficult  to 
measure.  Wind  erosion  rates  are  sensitive  to  the  nature  of  the 
land  cover  and  therefore  to  changes  in  land  use.  Windborne  par- 
ticles efficiently  scavenge  volatile  chemicals  released  to  the  at- 
mosphere by  volcanism,  biomass  burning,  and  industrial  activi- 
ties. Thus  the  chemical  composition  of  windborne  dust  is  sensitive 
to  pollution.  In  addition,  photochemical  reactions  occur  in  the 
atmosphere,  changing  the  chemistry  of  the  atmosphere  and  par- 
ticle-bound chemicals. 

Hydrothermal  activity  in  the  deep  sea  is  driven  by  volca- 
nic processes  in  the  oceanic  crust,  predominantly  at  spreading 
centers.  Seawater  seeps  into  crustal  rocks,  entering  convection 
cells  in  the  rocks,  and  is  heated  to  300  to  400°C.  In  the  course  of 
this  circulation,  elements  in  the  seawater  react  with  the  hot  ba- 
saltic rocks;  some  chemicals  are  removed  (e.g.,  magnesium,  sul- 
fate, and  uranium)  and  others  are  added  (e.g.,  mobile  elements  and 
gases).  The  fluxes  of  elements  at  any  one  site  are  difficult  to 
quantify,  and  it  is  not  feasible  to  measure  the  thousands  of  sites 
that  differ  in  rock  temperature  and  composition.  To  account  for 
observed  isotope  concentrations  in  seawater  (e.g.,  strontium),  a 
volume  of  water  equal  to  the  world's  ocean  must  circulate  through 
the  hydrothermal  system  at  temperatures  above  325''C  every  10 
million  years.  However,  estimates  of  hydrothermal  circulation 
based  on  heat  lost  in  the  formation  of  the  oceanic  crust  are  about 
five  times  lower.  If  the  higher  estimate  for  hydrothermal  circula- 
tion is  correct,  this  process  is  as  important  as  rivers  for  the  input 
of  many  elements  to  the  ocean.  Hydrothermal  processes  would 
stabilize  seawater  composition  and  thus  act  as  a  geochemical  fly- 
wheel, potentially  damping  large-scale  changes  induced  by  long- 
term  climatic  and  tectonic  changes.  Yet,  if  the  lower  estimate  of 
hydrothermal  circulation  is  correct,  hydrothermal  activity  is  a 
minor  factor  in  the  cycling  of  ocean  elements  and  is  important  for 
only  a  few.  The  major  inconsistency  between  the  fluxes  based  on 
isotopic  and  thermal  constraints,  apparent  since  the  first  hot  springs 
were  found  in  the  deep  sea  15  years  ago,  remains  to  be  resolved. 

There  is  evidence  that  hydrothermal  circulation  at  relatively 
low  temperatures  (a  few  tens  of  degrees)  away  from  spreading 
centers  may  also  be  important  for  fluxes  of  elements.  However,  it 
is  not  yet  possible  to  calculate  even  the  vaguest  estimate  of  the 
chemical  fluxes  involved.    Recent  seafioor  exploration  and  ocean 
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drilling  show  that  the  ocean  crust  and  its  overlying  sediment  ex- 
pel water  in  the  subduction  process.  Given  the  great  composi- 
tional and  tectonic  diversity  of  active  subduction  zones,  it  will  be 
impossible  to  estimate  the  geochemical  significance  of  these  pro- 
cesses to  the  oceanic  element  cycles  until  much  more  exploratory 
work  has  been  done. 

Redistribution 

All  the  inputs  will  react  with  seawater.  Reaction  processes  in 
the  zone  of  mixing  between  river  water  and  the  upper  ocean  are 
quite  well  described  qualitatively.  These  processes  include  de- 
sorption  of  elements  from  suspended  particles,  coagulation  and 
precipitation  of  colloidal  material,  scavenging  by  organisms,  and 
vertical  transport.  Processes  associated  with  the  formation  of 
particle  plumes  above  hydrothermal  vents  have  been  studied  exten- 
sively. These  particles  oxidize  rapidly  and  appear  to  scavenge  both 
a  large  proportion  of  the  hydrothermically  transported  trace  metals 
and  a  significant  component  of  elements  from  ambient  seawater. 

As  mixing  progresses,  ocean  circulation  is  increasingly  domi- 
nant in  dispersing  inputs  until  they  cannot  be  traced  directly  back 
to  their  source.  Large  rivers  can  be  considered  as  point  sources  oi 
material  to  the  ocean  superimposed  on  a  diffuse  background  input 
from  smaller  streams.  Penetration  of  the  river  signal  into  the 
deep  sea  follows  complex  pathways  that  are  regionally  diverse, 
depending  on  the  current  regime  and  the  configuration  of  the  coastline 
and  the  continental  shelf.  Because  even  unpolluted  rivers  usually 
carry  elevated  nutrient  loads  relative  to  coastal  seawater,  their 
discharge  induces  large  phytoplankton  blooms.  The  phytoplank- 
ton  settle  toward  the  seafloor,  carrying  nutrients  and  scavenging 
dissolved  substances.  In  confined  systems  with  high  nutrient  in- 
puts, settling  organic  material  can  fuel  bacterial  activity  and  lead 
to  oxygen  depletion  of  bottom  waters.  The  complex  coupling  of 
inorganic  and  biological  processes,  postdepositionai  reactions  in 
the  sediments,  and  strong  seasonality  of  inputs  produce  a  system 
whose  chemical  transport  is  difficult  to  quantify.  Estuarine  pro- 
cesses make  it  difficult  to  estimate  river  inputs  of  the  more  reac- 
tive elements  to  the  open  ocean.  Because  of  this  complexity, 
chemical  oceanography  in  the  coastal  ocean  has  been  relatively 
neglected  even  though  that  is  the  site  for  some  of  the  most  in- 
tense biogeochemical  interactions  in  the  entire  ocean. 

High-temperature  hydrothermal  fluids  create  great  buoyant  clouds 
of  fine-grained  sulfides  and  oxides  upon  their  turbulent  injection 
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into  the  surrounding  water  column.  These  clouds  rise  above  the 
vents  until  their  density  equals  that  of  the  surrounding  seawater. 
On  ridges  with  high  rift  walls  (e.g.,  the  Mid-Atlantic  Ridge),  the 
plumes  often  stay  within  the  confines  of  the  bounding  rift  walls. 
The  precipitates  and  dissolved  material  they  scavenge  then  accu- 
mulate on  the  walls  and  floor  of  the  rift  valley.  On  fast-spreading 
ridges  with  low  walls  (e.g.,  the  East  Pacific  Rise),  the  plumes  rise 
above  the  walls  and  are  dispersed  in  the  middepth  circulation. 
Fine-grained  vent-derived  particles  can  be  transported  for  thou- 
sands of  kilometers,  slowly  settling  out  to  form  a  compositionally 
distinctive  shadow  in  the  sediments.  Unreactive  species,  such  as 
helium,  delineate  plume  flow. 

If  redistribution  of  elements  occurred  only  by  the  physical 
dispersal  of  dissolved  material  and  suspended  particles  near  their 
sources,  geochemical  patterns  would  be  related  solely  to  input 
functions.  However,  the  chemistry  of  the  ocean  reactor  is  deter- 
mined primarily  by  organisms  and  chemical  kinetics  rather  than 
by  thermodynamics.  Essential  nutrient  cycles  are  controlled  largely 
by  the  metabolic  processes  of  living  organisms.  For  nonnutrient 
elements,  scavenging  by  nonliving  organic  materials  is  much  more 
important.  Settling  particles  are  reactive  enough  to  adsorb  and 
transport  a  large  variety  of  elements  to  the  bottom.  Because  bac- 
teria continue  to  degrade  this  material,  the  concentrations  of  many 
elements  increase  with  depth  and  along  current  flow  lines. 

Surface  productivity  shows  strong  regional  variability.  The 
vertical  particle  flux  and  the  intensity  of  scavenging  and  release 
also  vary  by  region.  For  geochemical  purposes,  satellite  pictures 
of  ocean  productivity  must  be  projected  into  the  vertical  dimen- 
sion to  appreciate  the  fact  that  strong  lateral  variations  in  reactiv- 
ity occur  (reactivity  is  the  intensity  of  the  chemical  reactions  that 
are  driven  by  biological  activity  in  the  ocean  water  column).  Vast 
areas,  such  as  the  subtropical  gyres,  are  quite  unreactive;  these 
are  surrounded  by  a  coastal  rim  of  high  reactivity.  Other  zones  of 
high  reactivity  correspond  to  areas  of  physical  upwelling. 

The  combination  of  lateral  and  vertical  transport  and  continu- 
ous reaction  of  particles  suggests  that  the  water  column  distribu- 
tion of  elements  at  a  particular  location  may  have  little  influence 
on  local  processes  but,  instead,  reflects  the  integration  of  pro- 
cesses over  various  time  scales  and  distances.  The  best  example 
of  this  effect  is  the  deep  silica  maximum  found  throughout  the 
Indian  and  Pacific  oceans.  It  results  from  strong  upwelling  and 
associated  high  productivity  of  siliceous  plankton  in  relatively 
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small  areas  at  these  oceans'  northern  boundaries,  and  subsequent 
vertical  transport  and  dissolution  of  their  siliceous  tests  at  depth. 
The  flux  of  particles  to  the  seafloor  is  apparently  the  most 
important  mechanism  by  which  elements  are  delivered  to  the  sedi- 
mentary reservoir.  However,  many  complex  processes,  primarily 
biological,  can  occur  after  initial  deposition.  Particles  falling  from 
above  are  the  only  source  of  nutrition  for  many  bottom-dwelling 
organisms.  Thus  this  material  is  ingested  and  excreted  repeatedly 
by  a  variety  of  species  and  is  also  subject  to  continuous  bacterial 
degradation,  reducing  its  carbon  content  and  destroying  the  func- 
tional groups  responsible  for  scavenging  reactive  elements  from 
the  water  column. 


Sinks  : 

The  two  most  important  properties  of  the  ocean  system  that 
control  the  uptake  of  chemical  species  by  the  sediments  and  oce- 
anic crust  are  its  oxidation  state  and  its  temperature. 

Chemical  reactions  in  sediments  involving  oxidation  and  re- 
duction depend  on  the  amount  of  oxygen  present,  which  in  turn 
depends  on  metabolic  activity  and  diffusion  from  the  overlying 
water  column  through  the  pore  fluids.  Where  metabolic  processes 
exceed  the  oxygen  supply  through  diffusion,  the  sediments  be- 
come anaerobic.  This  condition  creates  diffusion  gradients  in  the 
oxic-anoxic  transition  zone  from  above  and  below,  affecting  a  range 
of  chemical  reactions.  The  transition  zone  rises  through  the  sedi- 
ment column  as  sediment  accumulation  progresses.  Understand- 
ing and  quantifying  these  processes  are  crucial  for  studies  of  glo- 
bal change  because  of  their  implications  for  interpreting  the 
sedimentary  record. 

The  character  of  the  crustal  sink  for  oceanic  dissolved  mate- 
rial changes  with  the  temperature  of  the  water-rock  interactions. 
At  high  temperatures,  the  reaction  environment  is  anoxic.  Sul- 
fide-forming  elements  are  precipitated;  elements  that  form  insoluble 
oxides  in  the  reduced  state,  such  as  uranium  and  chromium,  are 
also  precipitated.  Soluble  materials,  such  as  boron  and  alkali 
compounds,  are  completely  removed  from  the  rocks.  Magnesium 
is  removed  but  calcium  is  released.  At  the  very  high  tempera- 
tures (>400°C)  associated  with  recent  eruptions,  phase  separation 
can  occur,  producing  a  dilute  aqueous  phase  and  a  residual  brine. 
Subsequent  mixing  of  these  components  appears  to  be  responsible 
for  the  large  variations  in  salinity  observed  in  hydrothermal  flu- 
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ids.  Details  of  this  process  are  not  understood.  A  major  un- 
known is  the  mechanism  responsible  for  maintaining  the  salinity 
and  temperature  of  the  vent  fluids  at  a  given  site  at  stable  levels 
over  periods  of  years. 

Low-temperature  weathering  of  the  oceanic  crust  appears  to 
constitute  a  major  sink  for  alkali  compounds  and  is  accompanied 
by  extensive  hydration  of  the  rocks.  When  the  crust  is  subducted, 
this  chemically  bound  water,  along  with  the  elements  it  can  transport, 
most  likely  is  released  and  migrates.  The  water  may  accelerate 
melting  and  participate  in  the  eruption  process  in  volcanic  arcs. 

Marine  Organic  Substances 

The  biochemicals  that  fuel  marine  organisms  are  photosyn- 
thesized  and  then  respired  in  the  upper  ocean  on  time  scales  of 
hours  to  days.  Only  about  20  percent  of  the  photosynthetic  prod- 
uct escapes  from  the  sunlit  surface  ocean  as  sinking  particles,  and 
less  than  0.5  percent  is  ultimately  preserved  in  marine  sediments. 
Living  organisms  comprise  only  about  1  percent  of  the  organic 
matter  in  the  ocean.  The  remaining  organic  matter  is  primarily  a 
dilute  solution  (about  1  part  per  million)  of  "dissolved"  macro- 
molecules  (i.e.,  material  that  passes  through  filters  with  a  pore 
size  of  0.5  micrometer).  The  turnover  rate  of  this  dissolved  pool 
is  now  under  discussion;  the  traditional  view  is  that  the  pool 
turns  over  at  a  rate  of  thousands  of  years.  The  alternative  view  is 
that,  because  the  pool  of  dissolved  organic  material  contains  ex- 
cess carbon- 14  relative  to  what  is  expected  in  thousand-year-old 
organic  material,  it  must  turn  over  more  rapidly.  Because  of  the 
challenges  of  isolating  or  directly  characterizing  this  extremely 
dilute  component  of  seawater,  only  about  20  percent  of  the  or- 
ganic molecules  have  been  described. 

A  little  over  a  decade  ago,  a  novel  suite  of  organic  lipids  was 
first  reported  in  sediments  from  the  Atlantic  Ocean  and  the  Black 
Sea.  The  component  molecules  have  a  linear  sequence  of  37  to  39 
carbon  atoms  containing  one  to  four  double  bonds,  with  an  oxy- 
gen atom  doubly  bonded  to  the  second  or  third  carbon  in  the 
chain.  These  long-chain  alkenones  were  found  to  be  produced  by 
the  marine  coccolithophorid  algae  Emiliania  huxleyi  and  related 
species  that  are  widely  distributed  in  tropical  and  subtropical  oceans. 
The  same  molecules  were  also  discovered  in  sediments  dating 
back  to  the  Miocene  (about  20  million  years  ago). 

It  was  later  demonstrated  in  the  laboratory  that  the  average 
number  of  double  bonds  (extent  of  unsaturation)  in  these  alkenones 
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of  E.  huxleyi  and  related  algal  species  increased  at  lower  culturing 
temperatures,  apparently  a  chemical  response  to  maintain  mem- 
brane fluidity.  Brassell  et  al.  (1986)  discovered  that  in  natural 
deposits  the  average  number  of  carbon  double  bonds  in  alkenones 
from  Quaternary  sediments  of  the  northeast  tropical  Atlantic  showed 
a  strong  inverse  correlation,  over  the  past  120,000  years,  with  the 
temperature  of  the  near-surface  ocean  water  as  inferred  from  the 
stable  oxygen  isotopic  composition  of  coexisting  calcium  carbon- 
ate shells  of  the  planktonic  foraminifera  Globehgerinoides  sacculifer. 
This  observation  suggests  that  the  relative  changes  in  water  tem- 
perature at  the  ocean  surface  during  at  least  the  past  100,000 
years  could  be  inferred  from  the  stratigraphic  record  of  alkenone 
composition  in  the  underlying  sediments.  Prahl  and  Wakeham 
(1987)  calibrated  the  alkenone  paleothermometer  for  E.  huxleyi 
within  ±0.5°C  and  they  provided  evidence  against  the  idea  of  dia- 
genetic  alteration  of  the  molecular  temperature  record  in  the  ma- 
rine water  column. 

The  alkenone  paleothermometer  has  potential  applications  beyond 
simple  confirmation  of  stable  oxygen  isotopic  records  of  sea  sur- 
face temperatures.  For  example,  alkenone  measurements  can  be 
applied  readily  to  bulk  sediment  samples.  The  alkenone  paleo- 
thermometer thus  ranks  as  one  of  the  major  contributions  in  the 
past  decade  of  marine  organic  chemistry  research  to  understand- 
ing paleoceanography  and  paleoclimatology. 

The  application  of  the  alkenone  paleothermometer  was  made 
possible  by  the  recent  development  of  gas  chromatographic  ratio 
mass  spectrometers,  instruments  that  measure  the  stable  carbon 
isotopic  compositions  of  individual  organic  molecule  types  sepa- 
rated during  the  rapid  (approximately  one  hour)  gas  chromato- 
graphic analysis  of  complex  organic  mixtures. 

Future  Directions 

Analytical  Methods 

The  chemical  processes  occurring  within  the  ocean  reactor  are 
kinetically  controlled  except  in  high-temperature  regimes,  where 
thermodynamic  equilibria  may  be  inferred.  These  kinetic  pro- 
cesses are  driven  largely  by  organisms;  they  involve  chemical  re- 
actions that  are  difficult  to  reproduce  in  laboratory  experiments 
because  of  their  complexity  and  variety.  Thus,  the  general  strat- 
egy in  studying  the  marine  geochemistry  of  the  present  ocean  and 
its  variations  in  the  geologic  past  is  to  pose  questions  in  which 
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causes  are  inferred  from  measured  distributions,  that  is,  as  an 
inverse  problem.  Variations  in  measured  concentrations  reflect 
changes  in  the  relative  importance  of  these  causes.  This  inver- 
sion is  constrained  by  different  chemical  properties  of  the  ele- 
ments of  the  periodic  table,  their  valence  states,  their  isotopes, 
and  the  compounds  they  form.  It  follows  that  this  strategy  re- 
quires the  measurement  of  a  vast  array  of  chemical  properties. 
Although  technology  development  is  required  for  measuring  some 
of  these  properties,  each  of  the  elements  and  forms  is  not  equally 
important  diagnostically.  Extraction  of  all  the  information  useful 
in  constraining  the  inversion  is  a  prodigious  analytical  task. 

Until  recently,  each  available  instrument  could  analyze  only  a 
few  elements  at  the  sensitivity,  precision,  and  accuracy  levels 
necessary  for  their  concentration  in  natural  samples.  Thus  no 
laboratory  could  perform  more  than  a  small  fraction  of  possible 
measurements.  Over  the  past  10  years,  the  sensitivity  of  instru- 
ments has  increased  vastly.  Accurate  and  precise  multielement 
analyses  on  single  samples  are  now  feasible,  and  multiple  collec- 
tor thermal  ionization  mass  spectrometers  have  increased  the  sen- 
sitivity for  a  wide  range  of  elements  and  isotopes.  High-energy 
accelerator  mass  spectrometry  allows  the  measurement  of  the  cos- 
mogenic  radioisotopes  in  the  study  of  a  wide  range  of  geochrono- 
logical  questions;  it  also  allows  exploitation  of  the  unique  proper- 
ties of  these  isotopes  in  a  variety  of  tracer  studies.  Plasma  source 
mass  spectrometry  makes  it  possible  to  perform  accurate  multielement 
analyses  on  extremely  small  amounts  of  material.  This  technol- 
ogy eases  measurement  of  refractory  elements  that,  because  of 
their  low  volatility  or  high  ionization  potential,  are  difficult  to 
measure  with  conventional  techniques. 

Mass  spectrometry  for  the  measurement  of  6^^0,  8^^C,  and 
other  light  isotope  systems  are  well  established,  as  are  methods 
for  determining  radiogenic  isotopes.  New  developments  in  high- 
resolution  thermal  ionization  mass  spectrometry  for  the  measure- 
ment of  ^-^OTh,  ^^^Th,  ^^"^U,  and  ^^^U  and  the  negative  thermal 
ionization  mass  spectrometric  measurement  of  ^^'^Os/^^^Os  have 
improved  our  capacity  to  use  these  isotopes  in  marine  geochemi- 
cal  studies. 


Improving  Our  Knowledge  of  Fluxes 

Much  more  research  needs  to  be  done  to  quantify  continental 
inputs  to  the  oceanic  reactor.  An  important  adjunct  to  studies  of 
fluxes  will  be  long  time-series  measurements  that  will  allow  an 
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estimation  of  variability  of  fluxes.  Weathering  processes  are  tra- 
ditionally regarded  separately  from  oceanography,  but  oceanic  tech- 
niques are  essential  to  trace  the  pathways  by  which  material  en- 
ters estuarine  mixing  zones  through  rivers,  progresses  across  the 
shelf,  and  finally  moves  into  the  deep  sea.  For  some  elements 
(e.g.,  iron),  delivery  to  the  world  ocean  by  this  route  is  negligible 
because  of  their  insolubility  in  seawater.  Soluble  elements  pass 
through  the  coastal  ocean  with  little  loss.  Research  on  this  topic 
has  great  societal  importance  because  chemical  fluxes  substan- 
tially alter  global  climate,  coastal  pollution,  and  possibly  harmful 
algal  blooms  and  fisheries  production. 

The  strength  of  airborne  transport  of  particles  is  known  to 
vary  widely  with  climatic  conditions.  Airborne  transport  is  the 
one  direct  pathway  between  the  continents  and  the  surface  waters 
overlying  the  deep  ocean,  and  its  importance  as  a  supplier  of  mi- 
cronutrients  (e.g.,  iron  and  selenium)  needs  to  be  more  firmly 
established.  It  is  possible  that  the  productivity  of  some  areas  of 
the  ocean  is  controlled  partially  by  the  amount  of  airborne  trace 
metals.    This  area  of  research  is  an  active  one. 

Estimates  of  the  hydrothermal  flux  range  over  a  factor  of  five. 
The  mechanisms  responsible  for  the  wide  salinity  variations  and 
the  temporal  stability  of  the  values  at  a  given  site  are  not  under- 
stood. Both  of  these  problems  can  be  resolved  only  by  systematic 
investigation  of  vent  fluids  from  different  sites  and  by  develop- 
ment of  additional  tracers  of  both  the  subsurface  reaction  pro- 
cesses and  the  characteristic  hydrotheimal  inputs  to  the  global 
reactor. 

Fluid  inputs  from  the  mid-ocean  ridge  flanks  and  from  sub- 
duction  zones  are  perhaps  best  studied  by  drilling  and  pore  water 
sampling  because  the  flow  across  the  seafloor-water  interface  may 
be  too  diffuse  for  discrete  sampling  in  the  water  column.  Much 
improved  down-hole  sampling  and  measurement  capabilities  are 
required.  Systematic  sampling  of  representative  ridge  flanks  and 
subduction  zone  complexes  is  needed,  using  the  complete  range 
of  modern  geophysical  tools. 

Understanding  Redistribution  and  Removal  in  the  Ocean 

The  general  circulation  of  the  global  ocean  has  been  relatively 
well  described.  From  the  geochemical  point  of  view,  much  re- 
mains to  be  learned  about  the  relative  importance  of  the  removal 
of  elements  at  ocean  boundaries  versus  in  situ  removal  by  settling 
particles.    The  spatial  and  temporal  variability  of  processes  con- 
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trolling  the  vertical  flux  of  elements  needs  to  be  characterized. 
The  same  is  true  for  the  evolution  of  the  chemical  properties  of 
sinking  particles  traveling  through  the  complex  food  web  in  the 
water  column  and  on  the  seafloor.  In  the  upper  waters  and  ther- 
mocline,  large  horizontal  variations  in  primary  productivity  and 
higher  levels  of  food  webs  have  been  observed,  but  little  is  known 
about  the  lateral  variability  of  deep-ocean  ecosystems.  The  ef- 
fects of  ecosystems  on  the  chemistry  of  particles  passing  through 
them  are  largely  unknown.  It  is  important  to  know  whether  there 
is  a  simple  proportionality  between  surface  productivity  and  the 
chemistry  of  the  underlying  water  column  or  whether  the  particu- 
lar faunal  assemblages  in  the  water  column  exercise  a  major  role 
in  controlling  element  concentrations. 

The  mechanisms  of  sediment  interactions  and  diagenesis  are 
well  studied  for  the  major  constituents,  nutrients,  and  oxygen; 
much  more  work  is  needed  on  the  behavior  of  minor  and  trace 
constituents.  Intensive  research  on  the  behavior  of  trace  elements 
in  the  most  reactive  upper  few  meters  of  the  ocean  is  also  neces- 
sary. Descriptions  of  composition  changes  need  to  be  developed 
for  the  various  sediment  types  and  environments  through  all  phases 
from  initial  burial  to  subduction. 


Reading  the  Record 

Complete  decipherment  of  the  proxy  record  contained  in  the 
concentration  distributions  of  trace  elements  and  isotopes  in  sedi- 
ments requires  an  understanding  of  the  pathways  of  input  and  the 
mechanisms  of  redistribution,  removal,  and  transformation  of  the 
elements  studied.  A  given  tracer  may  record  a  single  aspect  or 
some  combination  of  these  factors.  Ideally,  multiple  tracers  should 
be  used  as  a  check  on  internal  consistency.  Because  only  a  small 
number  of  tracers  are  now  available,  much  development  work  is 
required. 

It  is  known  that  the  continental  inputs  of  a  number  of  poten- 
tial tracers  are  changed  markedly  by  human  influence,  which  makes 
estimates  of  their  response  to  environmental  changes  difficult. 
River  inputs  are  often  strongly  mediated  by  coastal  processes  and 
hence  are  sensitive  to  sea-level  variations  that  change  the  size 
and  character  of  the  coastal  ocean.  Comparative  studies  of  shelf- 
dommated  systems  (e.g.,  the  Yangtze  and  Yukon  rivers)  with  sys- 
tems in  which  rivers  discharge  directly  over  deep  waters  (e.g.,  the 
Columbia  and  Congo  rivers)  may  be  informative. 

The  relative  importance  of  physical  and  chemical  redistribu- 
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tion  processes  and  the  mechanisms  of  sediment  uptake  must  be 
established  for  each  tracer;  this  will  be  difficult  experimental  work. 
Postdepositional  redistribution  processes  must  be  characterized 
for  the  range  of  sedimentary  environments.  The  establishment  of 
reliable  proxy  records  merits  high  priority  because  it  is  the  most 
direct  constraint  on  the  modeled  mechanisms  of  previous  global 
changes  in  environmental  processes. 

DIRECTIONS  FOR  MARINE  GEOLOGY 
AND  GEOPHYSICS 

Summary 

The  plate  tectonic  paradigm,  first  quantitatively  described  more 
than  25  years  ago,  provides  an  integrated  physical  and  chemical 
framework  for  understanding  the  geological  evolution  of  Earth. 
Marine  geologists  and  geophysicists  played  a  critical  role  in  the 
development  of  this  paradigm.  By  linking  marine  magnetic  anomalies 
to  geomagnetic  reversals  of  Earth's  magnetic  field,  marine  geo- 
physicists were  able  to  confirm  seafloor  spreading  and  provide 
quantitative  estimates  of  seafloor  spreading  rates.  Through  holes 
drilled  by  the  Deep  Sea  Drilling  Project,  marine  geologists  were 
able  to  extend  the  geomagnetic  reversal  time  scale  back  nearly 
200  million  years,  providing  a  framework  within  which  to  recon- 
struct the  past  positions  of  the  continents  and  the  opening  and 
closing  of  ocean  basins. 

Throughout  most  of  the  1970s,  the  major  emphasis  in  marine 
geology  and  geophysics  was  on  large-scale  kinematic  descriptions 
of  relative  plate  motions  and  their  consequences  for  the  geologi- 
cal evolution  of  ocean  basins.  However,  by  the  1980s,  the  focus 
of  the  field  had  shifted  toward  more  process-oriented  studies  cen- 
tered around  understanding  how  oceanic  crust  and  lithosphere  are 
created,  how  these  processes  are  related  to  the  underlying  mantle, 
and  the  consequences  of  seafloor  spreading  on  ancient  ocean  cir- 
culation and  climate.  Four  themes  currently  dominate  research 
in  marine  geology  and  geophysics:  (1)  the  formation  of  oceanic 
crust  and  lithosphere  along  mid-ocean  ridges,  and  the  associated 
volcanic,  hydrothermal,  and  biological  processes;  (2)  off-ridge  pro- 
cesses and  their  relation  to  mantle  convection;  (3)  the  structure 
and  tectonics  of  active  and  passive  continental  margins;  and  (4) 
the  record  of  past  climate  change  and  ocean  circulation  preserved 
in  marine  sediments.  In  addition  to  these  four  themes,  there  is 
increasing  interest  in  the  study  of  coastal  processes  including  sediment 
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erosion  and  transport,  and  estuarine  and  delta  sedimentation.  Coastal 
processes  are  discussed  elsewhere  in  this  report. 

In  the  1990s,  marine  geologists  and  geophysicists  will  begin  a 
major,  decade-long  study  of  the  global  mid-ocean  ridge  system 
through  the  Ridge  Inter-Disciplinary  Global  Experiment  (RIDGE) 
program^.  The  long-term  goal  of  this  program  is  to  obtain  a  suffi- 
ciently detailed  spatial  and  temporal  definition  of  the  global  mid- 
ocean  ridge  system  to  construct  quantifiable,  testable  models  of 
how  the  system  works,  including  the  complex  interactions  among 
the  magmatic,  tectonic,  hydrothermal,  and  biological  processes 
associated  with  crust  formation.  Among  the  goals  that  are  achievable 
in  the  next  decade  are  a  global  characterization  of  the  structure 
and  energy  fluxes  along  the  entire  50,000-kilometer-long  mid-ocean 
ridge  system  and  the  establishment  of  a  permanent  seafloor  obser- 
vatory on  an  active  ridge  segment  to  investigate  the  scales  of 
variability  in  tectonic,  magmatic,  hydrothermal,  and  biological 
processes  associated  with  the  formation  of  new  oceanic  crust. 

The  ancient  ocean  crust  contains  unique  information  about 
mantle  convection  and  composition.  An  improved  understanding 
of  the  chemical  and  isotopic  record  of  mantle  convection  and  the 
variation  of  melt  production  through  time  is  likely  in  the  next 
decade.  Mapping  crustal  composition  on  an  ocean  basin  scale 
will  require  hundreds  of  shallow  holes  to  be  drilled  into  ocean 
crust.  Directly  sampling  the  suboceanic  mantle  will  require  the 
development  of  new  drilling  technology  beyond  that  presently  available 
to  the  ocean  drilling  community.  New  seismic  tomography  tech- 
niques for  imaging  the  Earth's  mantle  will  allow  marine  geolo- 
gists to  begin  to  relate  mantle  convection  processes  to  melt  pro- 
duction rates,  lithospheric  stress  and  intraplate  deformation,  and 
the  variation  in  chemical  and  isotopic  composition  of  the  crust. 
Vastly  improved  seismic  images  of  the  suboceanic  mantle  are  pos- 
sible if  an  array  of  seafloor  seismic  stations  is  established  in  the 
1990s  to  augment  the  global  digital  seismic  network. 

Continental  margins  are  the  locus  of  lithospheric  deforma- 
tion, sediment  accumulation,  and  substantial  and  chemically  dis- 
tinctive magm^atism.  Subduction  and  rifting  processing  at  mar- 
gins determine  the  size,  shape,  and  distribution  of  continents  and 
result  in  complex  and  dynamic  interactions  among  oceanic  crust, 
continental  crust,  and  mantle  systems.  A  basic  description  of  the 
nature  and  evolution  of  many  margins  is  available  today,  but  un- 
derstanding of  the  dynamics  of  margin  development  is  still  very 
limited.  The  development  of  new  technology  for  probing  the  deeper 
structure  of  continental  margins,  and  new  conceptual  advances  in 
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areas  such  as  sequence  stratigraphy  and  fault  dynamics,  provide 
an  opportunity  for  the  development  of  fundamental  new  insight 
into  margin  structure  and  evolution.  What  is  needed  is  a  coordi- 
nated, interdisciplinary  research  effort  involving  both  land-based 
and  sea-based  research  programs  over  the  next  decade. 

Marine  sediments  provide  an  important  record  of  geological 
processes  including  past  global  climates.  For  example,  analysis  of 
marine  sediment  cores  has  provided  critical  information  on  the 
importance  of  Earth's  orbit  in  short-term  climate  change.  Marine 
sediments  also  provide  a  record  of  global  sea-level  changes,  sea 
surface  and  bottom  water  temperature  variations,  changes  in  ocean 
current  patterns,  the  volume  of  water  locked  in  polar  ice  caps, 
and  the  effects  of  a  changing  physical  and  chemical  environment 
on  the  evolution  of  marine  life.  Through  drilling  and  coring, 
especially  in  high-latitude  regions,  paleoceanographers  are  poised 
to  make  major  advances  in  our  understanding  of  the  natural  vari- 
ability in  global  climate  systems  in  the  coming  decade. 

Introduction 

The  plate  tectonic  paradigm  forms  an  integrated  and  linked 
physical  and  chemical  framework  for  the  flow  of  energy  and  mass 
through  Earth  (Figure  3-1).  Radioactive  decay  of  material  within 
Earth's  interior  produces  heat  and  creates  a  convective  system 
that  transports  heat  and  material  from  deep  within  Earth  to  shal- 
low levels.  Upper  mantle  rocks  partially  melt,  producing  basaltic 
magma.  Much  of  this  melt  is  preferentially  focused  along  the 
world-encircling  mid-oceanic  ridge,  where  oceanic  crust  is  cre- 
ated. In  time,  the  oceanic  lithosphere  (the  oceanic  crust  and  up- 
per mantle)  will  be  recycled  into  the  mantle  at  convergent  mar- 
gins. The  oceanic  crust  and  some  sediment  are  carried  back  into 
the  mantle,  and  the  crustal  components  dehydrate,  pumping  wa- 
ter and  gases  into  the  overlying  mantle,  causing  partial  melting 
and  fractionation,  and  creating  silica-rich  rocks,  ore  bodies,  and 
explosive  volcanism  along  the  overlying  volcanic  arc. 

As  oceanic  crust  ages  and  moves  away  from  the  ridge  axis,  it 
modifies  Earth's  environment.  The  chemistry  of  seawater  is  al- 
tered as  the  oceanic  crust  cools  and  exchanges  elements  with  the 
seawater  that  circulates  through  it  (see  "Directions  for  Marine 
Geochemistry").  At  convergent  margins,  some  sediment  is  scraped 
off  the  subducting  crustal  plates,  injecting  fluids  rich  in  dissolved 
constituents  into  the  overlying  ocean  waters.  Moreover,  the  ag- 
ing oceanic  lithosphere  serves  as  a  repository  for  sediments  that 
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represent  a  coherent  high-resolution  continuous  record  of  envi- 
ronmental changes  on  time  scales  from  years  to  millions  of  years. 
Given  the  mobility  of  crustal  plates,  the  geometry  and  location  of 
ocean  basins  and  continents  have  changed  through  time.  This 
changing  plate  mosaic  has  had  a  profound  effect  on  global  sea 
level  and  on  ocean  and  atmospheric  circulation. 

In  essence,  plate  tectonics  is  the  surface  expression  of  a  solid 
Earth  geochemical  cycle.  An  understanding  of  how  this  cycle  has 
operated  in  time  and  space  is  a  fundamental  starting  point  for 
Earth  systems  research,  and  it  unifies  the  field  of  marine  geology 
and  geophysics.  The  four  principal  elements  of  this  research  are 
(1)  the  oceanic  ridge  and  lithosphere,  (2)  off-ridge  processes,  (3) 
ocean  margins,  and  (4)  ocean  basin  sediments. 

Oceanic  Ridge  and  Lithosphere 

The  global  mid-ocean  ridge  is  perhaps  the  most  striking  fea- 
ture on  the  solid  surface  of  our  planet.  Sections  of  the  ridge 
extend  along  the  floor  of  the  world's  ocean  to  a  length  in  excess  of 
50,000  kilometers.  The  mid-ocean  ridge  dominates  Earth's  volca- 
nic flux  and  creates  an  average  of  20  cubic  kilometers  of  new 
oceanic  crust  every  year.  Two-thirds  of  the  annual  heat  loss  from 
Earth's  interior  occurs  through  the  generation  and  cooling  of  the 
oceanic  lithosphere,  partially  by  the  circulation  of  seawater  through 
fractures  in  the  hot  oceanic  crust.  This  hydrothermal  circulation 
facilitates  a  major  chemical  exchange  between  seawater  and  oce- 
anic crustal  rocks  that  acts  as  an  important  regulator  of  the  chemistry 
of  the  ocean  and  of  the  volatile  content  of  Earth's  interior.  The 
most  stunning  manifestations  of  this  circulation  are  the  high- 
temperature  hydrothermal  vents  along  the  ridge  axis. 

Many  discoveries  of  ridge  phenomena  have  been  made  over 
the  past  decade,  and  a  number  of  sophisticated  technological  tools 
have  been  developed  for  detailed  investigation  of  the  seafloor  and 
the  subsurface  crust.  High-temperature  hydrothermal  vents,  for 
example,  were  discussed  only  as  theoretical  possibilities  before 
their  discovery  in  the  Pacific  in  the  late  1970s.  High-resolution 
swath  mapping  and  side-scan  sonar  imaging  systems  have  only 
recently  begun  to  provide  information  on  the  detailed  morphology 
and  structure  of  ridge  systems.  Multichannel  seismic  imaging 
techniques  have  advanced  and  thus  have  enabled  marine  geolo- 
gists to  begin  imaging  the  magma  chambers  that  lie  below  the 
ridge  axis  (Detrick  et  al.,  1987).  Much  of  the  promise  of  this  new 
technology  remains  to  be  realized.    Detailed  sampling  and  map- 
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ping  of  the  mid-ocean  ridge,  for  example,  have  been  confined  to 
only  a  small  fraction  of  the  total  ridge  length.  The  diversity  of 
volcanic  and  tectonic  processes  manifested  along  the  ridge  axis, 
as  a  consequence,  has  not  yet  been  fully  defined.  More  funda- 
mentally, the  complex  and  linked  processes  of  magmatism,  hydro- 
thermal  circulation,  development  of  vent  ecosystems,  and  lithos- 
pheric  evolution  are  only  dimly  understood.  The  dynamics  of 
these  processes  have  not  yet  been  elucidated  because  of  the  lack 
of  in  situ  observations  of  sufficient  duration  and  diversity  to  de- 
termine the  important  interactions  and  time  scales. 

For  a  better  understanding  of  mid-ocean  ridge  processes  and 
their  impacts  on  the  chemical,  physical,  and  biological  evolution 
of  the  oceanic  mantle,  crust,  and  hydrosphere,  specific  aspects  of 
the  ridge  system  will  require  focused  research  efforts.  Some  are 
discussed  below. 


Mantle  Flow,  Melt  Generation,  and  Magma  Transport 
Beneath  Mid-Ocean  Ridges 

Plate  spreading  and  the  generation  of  new  oceanic  crust  and 
lithosphere  along  oceanic  spreading  centers  involve  a  variety  of 
complex  and  interrelated  geodynamic  processes:  upwelling  and 
horizontal  divergence  of  the  solid  mantle  beneath  spreading  cen- 
ters, pressure-release  melting  of  this  upwelling  mantle  and  segre- 
gation of  the  partial  melt  from  the  deforming  solid  matrix,  the 
emplacement  and  solidification  of  melt  at  shallow  depths  to  cre- 
ate the  oceanic  crust,  and  the  cooling  of  the  crust  and  mantle  to 
form  the  oceanic  lithosphere.  These  processes  are  still  among  the 
more  poorly  understood  aspects  of  the  seafloor  spreading  process. 
Two  of  the  most  important  questions  are  (1)  the  pattern  of  mantle 
flow  beneath  mid-ocean  ridges,  and  (2)  the  geometry  of  the  melt- 
ing region  in  the  mantle  and  how  melt  migrates  to  the  ridge  axis. 
Simple  plate-driven  flow,  due  to  viscous  coupling  of  the  astheno- 
sphere  to  the  separating  lithospheric  plates,  predicts  a  simple  two- 
dimensional  upwelling  pattern  more  than  several  hundred  kilo- 
meters in  width.  Pressure-release  melting  of  this  upwelling  mantle 
is  thus  expected  to  occur  over  a  very  broad  region  beneath  mid- 
ocean  ridges.  One  of  the  first-order  paradoxes  in  our  present  un- 
derstanding of  mid-ocean  ridge  geodynamics  is  how  partial  melt 
formed  over  such  broad  regions  beneath  ridges  migrates  to  the 
extremely  narrow  (1-  to  5-kilometer-wide)  zone  of  eruption  ob- 
served at  mid-ocean  ridges.    We  also  have  only  a  very  crude  un- 
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PLATE  1  Average  global  sea  level  variability  for  1987  and  1988.  Data 
were  obtained  by  the  Geosat  satellite  altimeter.  Figure  provided  by  C.  |. 
Koblinsky,  NASA. 


PLATE  2  Multiyear  composite  of  global  ocean  pigment  concentration 
(November  1978  to  June  1986).  Data  were  acquired  by  the  Coastal  Zone 
Color  Scanner  on  the  Nimbus-7  satellite.  Purple  and  blue  areas  con- 
tained low  concentrations  of  pigment  in  surface  water  and  yellow  and  red 
areas  indicate  high  concentrations  of  pigment.  Figure  provided  by  Gene 
Feldman,  NASA. 


PLATE  3  Sea  surface  temperature  during  a  non-El  Nino  year.  The  warm 
water  is  located  in  the  western  Pacific.  The  29°C  isotherm  is  located  at 
I70°E.  Satellite  data  processed  and  provided  by  Dr.  Xiao-Hai  Yan  at  the 
Center  for  Remote  Sensing,  University  of  Delaware. 


PLATE  4  Sea  surface  temperature  during  an  El  Nino  year.  The  warm 
water  extends  to  the  central  and  eastern  Pacific.  The  29°C  isotherm 
extends  to  159°E.  Satellite  data  processed  and  provided  by  Dr.  Xiao-Hai 
Yan  at  the  Center  for  Remote  Sensing,  University  of  Delaware. 
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PLATE  6  Integration  of  GLORIA  data  with  bathymetric  data  has  proven 
extremely  effective  in  visualizing  seafloor  geology.  This  photo  shows  a 
perspective  view  of  a  portion  of  the  Florida  Escarpment  with  the  small 
ravines  cut  into  it  and  the  meandering  channel  running  across  the  abys- 
sal plain  floor  at  the  base  of  the  escarpment.  Photo  courtesy  of  Dr.  David 
Twichell,  U.S.  Geological  Survey,  Woods  Hole,  Massachusetts. 


PLATE  7  Shaded  relief  image  of  Seabeam  bathymetry  along  the  Texas- 
Louisiana  continental  slope.  Data  collected  by  the  NOAA  National  Ocean 
Survey.  This  image  shows  part  of  the  Sigsbee  Escarpment,  several  collapse 
basins  north  of  the  escarpment,  and  one  salt  diaper  south  of  the  escarp- 
ment. Area  shown  is  approximately  50  by  60  nautical  miles.  Photo  cour- 
tesy of  Dr.  David  Tv/ichell,  U.S.  Geological  Survey,  Woods  Hole,  Massa- 
chusetts. 
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derstanding  of  how  this  two-dimensional  plate-driven  flow  devel- 
ops into  a  more  three-dimensional  upwelling  pattern  along  some 
ridges  and  how  this  flow  affects,  or  is  affected  by,  the  observed 
segmentation  of  oceanic  spreading  centers. 

By  deploying  an  array  of  ocean  bottom  seismometers  across  a 
section  of  the  mid-ocean  ridge  and  recording  a  sufficient  number 
of  seismic  events  at  different  ranges  and  angles,  it  should  be  pos- 
sible to  improve  the  resolution  of  the  seismic  structure  of  the 
shallow  mantle  beneath  a  ridge  crest.  A  major  goal  for  the  next 
decade  is  to  carry  out  one  or  more  of  these  studies  on  the  mid- 
ocean  ridge.  . 

Processes  That  Transform  Magma  into  Oceanic  Crust 

The  transformation  of  magma  into  oceanic  crust  at  spreading 
centers  has  fundamental  implications  for  the  mechanisms  of  heat 
and  material  transport  from  deep  within  Earth  to  the  lithosphere, 
hydrosphere,  and  biosphere.  The  important  processes  that  trans- 
form mantle  melt  into  oceanic  crust  and  the  role  of  crustal  cham- 
bers are  poorly  understood.  The  global  distribution  and  physical 
properties  of  magma  chambers  at  oceanic  ridges  and  their  tempo- 
ral and  spatial  variability  should  be  determined.  Internal  dynam- 
ics of  magma  chambers  are  important  factors  that  must  be  under- 
stood, along  with  their  effects  on  the  structure  and  composition 
of  the  crust,  the  transfer  of  heat  from  the  magma  chamber,  and 
the  physical  and  chemical  processes  occurring  at  the  interface 
between  the  magma  chamber  and  the  overlying  region  of  seawater 
circulation. 

Processes  That  Control  the  Segmentation  and  Episodicity 
of  Lithospheric  Accretion 

The  use  of  new  technology,  such  as  satellites,  swath  mapping, 
and  side-scan  sonar,  has  revealed  that  the  global  rift  system  is 
segmented  and  that  the  pattern  of  segmentation  varies  temporally 
and  spatially.  It  is  essential  to  understand  the  physical  processes 
controlling  segmentation  and  its  temporal  and  spatial  variation  as 
well  as  the  processes  causing  episodic  production  along  individual 
segments  and  their  boundary  zones.  Melt  migration  and  eruption, 
faulting,  fissuring,  and  stretching  must  also  be  better  understood 
so  that  the  individual  processes  and  their  possible  interactions 
can  be  studied  and  interpreted. 
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Physical,  Chemical,  and  Biological  Processes 
Involved  in  Interactions  Between  Circulating  Seawater 
and  the  Lithosphere 

Hydrothermal  plumes  that  issue  from  seafloor  vents  link  the 
oceanic  lithosphere,  hydrosphere,  and  biosphere  through  complex 
physical,  chemical,  and  biological  interactions  (Rona  et  al.,  1986). 
A  detailed  understanding  of  the  individual  processes  that  consti- 
tute a  hydrothermal  system  will  provide  insight  into  many  prob- 
lems in  biological,  chemical,  geological,  and  physical  oceanogra- 
phy. Although  present  research  on  seafloor  hydrothermal  circulation 
has  begun  to  address  a  few  of  these  problems,  new  approaches  and 
a  more  focused  effort  will  be  required  to  achieve  an  interdiscipli- 
nary view. 

Distribution  and  Intensity  of  Mid-Ocean 
Hydrothermal  Venting 

The  character  of  hydrothermal  plumes  is  determined  by  both 
crustal  processes  and  the  oceanic  environment.  Changes  in  the 
plume  can  reflect  events  with  diverse  spatial  and  temporal  scales, 
such  as  magma  chamber  evolution,  changes  in  the  subsurface  hy- 
drothermal plumbing,  and  shifting  bottom  currents.  To  under- 
stand these  complex  interactions,  we  must  study  hydrothermal 
plumes  over  a  wide  range  of  scales  in  time  and  space:  from  the 
scale  of  the  individual  vent  plume  fluctuating  over  a  period  of 
seconds  up  to  the  1,000-kilometer  scale  of  the  large  ocean-basin 
plumes  estimated  to  contain  the  integrated  output  from  100  years 
of  hydrothermal  venting.  An  important  new  research  direction  is 
to  move  from  the  realm  of  general  observation  to  the  quantifica- 
tion of  rates  and  processes  in  hydrothermal  plumes. 

In  summary,  an  improved  understanding  of  the  mid-ocean  ridge 
system  will  require  focused  efforts.  Present  technologies  are  rela- 
tively well  developed  for  establishing  the  occurrence  of  spatial 
variations  within  the  ridge  system,  but  obtaining  observations  of 
temporal  change  will  be  challenging.  Global-scale  reconnaissance 
surveys  can  help  in  selecting  sites  for  more  focused  regional  stud- 
ies in  which  coordinated  experiments  would  involve  a  range  of 
long-term  measurements.  A  common  requirement  of  many  of  the 
recommended  studies  is  accurate  age  information  on  time  scales 
between  a  decade  and  a  million  years.  Innovative  approaches  to 
dating  hydrothermal  fluids,  rocks,  and  biological  materials  will  be 
necessary  to  meet  this  requirement. 
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Off-Ridge  Processes 

Off-ridge  processes  can  be  studied  to  determine  how  Earth 
functioned  in  the  past  and  whether  there  are  additional  temporal 
variability  and  forcing  functions  that  will  not  be  discovered  by 
studying  the  geological  present.  The  seafloor  contains  a  record  of 
the  creation  of  the  oceanic  lithosphere.  In  addition,  important 
questions  concern  changes  in  the  oceanic  crust  as  it  ages.  The 
older  oceanic  crust  also  contains  information  concerning  mantle 
convection  and  composition.  Several  important  investigative  themes 
can  be  identified. 


Chemical  and  Isotopic  Record  of  Mantle  Convection 

Because  the  mantle  is  overlain  by  the  crust,  it  is  not  possible 
at  present  to  sample  the  suboceanic  mantle  directly,  except  in 
tectonically  anomalous  areas  (e.g.,  oceanic  fracture  zones).  The 
basalts  that  are  derived  from  the  mantle,  however,  are  indirect 
mantle  samples  that  have  been  modified  by  partial  melting  and 
partial  crystallization.  Because  the  oceanic  crust  is  thin  and  its 
composition  is  similar  to  the  magma,  and  because  the  spreading 
center  provides  a  relatively  permeable  and  free  pathway  to  the 
surface,  ocean  ridges  are  the  sites  where  the  magma  is  least  modi- 
fied. Thus  ocean  ridge  basalts  typically  provide  the  least  adulter- 
ated record  of  mantle  composition  and  temperature.  Mapping 
crustal  composition  can  provide  quantitative  information  about 
the  size,  distribution,  and  composition  of  mantle  reservoirs  and 
the  efficiency  of  convective  stirring.  This  information  is  a  record 
and  an  opportunity  to  map  indirectly  the  composition  and  tem- 
perature of  the  mantle. 


Variation  of  Melt  Production  (Convective  Vigor)  Through  Time 

There  is  strong  evidence  that  plate  separation  rates  and  basal- 
tic magma  production  rates  along  ridges  and  within  plates  are  not 
constant.  For  example,  a  50  to  75  percent  increase  in  the  rate  of 
formation  of  oceanic  crust  and  a  doubling  in  the  production  rate 
of  basaltic  magmas  between  120  and  80  million  years  ago  (Figure 
3-2;  Larson,  1991)  has  been  documented.  The  changes  may  be  due 
to  a  large  m.antle-derived  super  plume  that  may  have  lifted  off  the 
core-mantle  boundary  and  have  been  responsible  for  increased  seafloor 
spreading  and  large-scale  oceanic  plateau  production  (e.g.,  Ontong 
Java  and  Kerguelen  plateaus).   It  has  been  suggested  that  the  super 
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FIGURE  3-2  Combined  plot  of  magmatic  reversal  stratigraphy;  world 
crustal  production;  high-latitude,  sea  surface  paleotemperatures;  long-term 
eustatic  sea  level;  times  of  black  shale  deposition;  and  world  oil  resourc- 
es plotted  on  the  geologic  time  scale.  Note  that  increased  volcanic  activ- 
ity in  the  Cretaceous  is  associated  with  eustatic  sea  levels,  high  sea 
surface  temperatures,  and  black  shale  production.  Thus,  this  may  be  a 
link  between  mantle  processes  (volcanism)  and  global  climate.  (Com- 
piled from  a  variety  of  sources;  Larson,  1991.) 
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plume  had  major  geological  consequences,  including  considerable 
increases  in  eustatic  sea  level,  paleotemperature,  oil  generation, 
black  shale  deposition,  and  species  diversification  of  phytoplank- 
ton  and  zooplankton.  Such  an  event  has  profound  implications 
for  our  understanding  of  mantle  dynamics,  oceanic  plateau  forma- 
tion, and  global  environmental  change. 

Structure  and  Composition  of  Oceanic  Crust 

An  understanding  of  crust  formation  cannot  be  achieved  in 
the  absence  of  better  knov/ledge  of  the  composition  of  the  total 
ocean  crust.  This  information  would  allow  solution  of  a  host  of 
long-standing  controversies,  including  the  relationship  between 
crustal  structure  and  spreading  rate,  the  origin  of  the  seismically 
defined  stratigraphy  of  the  oceanic  crust,  the  total  magnetization 
of  the  crust  and  how  it  is  distributed  with  depth,  and'  the  depth 
and  nature  of  hydrothermal  interaction  in  the  crust. 

Knowledge  of  Stresses  Acting  on  Oceanic  Lithosphere  and 
Intraplate  Deformation 

The  observational  basis  for  plate  motions  is  well  established, 
but  the  relative  importance  of  the  forces  (ridge-push,  trench-pull, 
and  plate-drag)  that  act  on  the  plates  and  cause  them  to  move  is 
unresolved.  In  addition,  the  stresses  that  act  upon  the  oceanic 
lithosphere  at  or  near  plate  boundaries  are  poorly  understood. 
Determining  the  stresses  required  to  create  these  structures  is 
key  to  understanding  the  tectonics  of  these  environments  (Zoback 
et  al.,  1985). 

Ocean  Margins 

Continental  margins  are  a  principal  site  of  lithospheric  defor- 
mation, sediment  accumulation,  and  mass  flux  on  Earth  and  the 
site  of  substantial  and  chemically  distinctive  magmatism.  Under- 
standing their  nature  and  origin  will  provide  knowledge  of  the 
history  of  the  ocean  basins,  and  because  the  margins  are  progres- 
sively incorporated  into  the  continental  mass  by  plate  interac- 
tions, the  knowledge  is  also  essential  to  our  understanding  of  the 
mechanisms  of  continental  evolution.  In  the  next  several  years, 
the  opportunity  exists  for  researchers  to  develop  a  fundamentally 
new  understanding  of  margins,  a  leap  that  may  parallel  that  brought 
about  by  the  plate  tectonic  revolution  some  25  years  ago. 
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A  basic  description  of  the  nature  and  evolution  of  many  conti- 
nental margins  is  available  today.  However,  understanding  of  the 
dynamics  of  margin  development  has  not  grown  at  the  same  rate. 
Knowledge  of  continental  margin  structure  and  motion  has  pro- 
gressed, but  understanding  of  the  margins  is  limited  by  the  need 
to  understand  the  basic  physical  processes  that  accompany  mar- 
gin formation.  Continental  margins  research  must  embrace  a  unified 
approach  that  emphasizes  the  important  role  of  process-oriented 
interdisciplinary  programs.  Further,  margins  cross  the  shoreline, 
and  such  efforts  will  further  enhance  the  developing  synergism 
with  Earth  scientists  involved  in  land  and  ocean  research. 

Fault  Dynamics  and  Lithospheric  Deformation 

Any  approach  to  the  problems  associated  with  lithospheric 
deformation  demands  the  use  of  many  tools.  A  wide-ranging  field- 
mapping  program  is  needed  specifically  to  establish  the  link  be- 
tween surface  deformation  and  deformation  in  the  lower  crust. 
For  example,  the  configuration  of  large  faults  at  depth  in  the  crust 
and  the  structural  fabric  associated  with  distributed  deformation 
in  the  upper  mantle  must  be  established  by  large-scale  seismic 
imaging  and  tomographic  techniques.  Laboratory  studies  are  also 
essential  to  establishing  the  constitutive  laws  for  frictional  be- 
havior of  both  large  deformation  zones  and  discrete  fault  zones 
and  defining  their  variability  with  strain,  strain  rate,  and  fluid 
content.  Models  of  fluid  flow  in  deforming  porous  media  and 
methods  to  relate  the  models  to  observable  quantities  for  field 
observation  are  required. 

Mantle  Dynamics  and  Extension 

Understanding  the  interaction  between  mantle  processes  and 
lithospheric  extension  will  require  a  focused  muitidisciplinary  ef- 
fort. Wide-ranging  field-mapping  programs  must  be  designed  to 
establish  specific  links  between  surface  deformation  and  deforma- 
tion in  the  lower  crust.  Large  geophysical  experiments  will  be 
needed  to  define  the  modern  structure  of  rifts  and  margins  and 
the  thermal  and  dynamic  state  of  mantle  beneath  young,  pres- 
ently active  rifts.  This  work  must  be  combined  with  geological 
mapping  and  thorough  geochemical  studies  of  magniatic  systems 
to  determine  the  nature  of  mantle  sources,  the  history  of  melting, 
and  fractionation      The  development  of  shear-wave  techniques 
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and  electromagnetic  methods  to  increase  their  sensitivity  to  the 
detection  of  fluids  will  be  particularly  relevant. 

Recycling 

Mass  flux  studies  needed  to  understand  convergent  margins  as 
dynamic  systems  will  involve  integrated  field,  analytical,  experi- 
mental, and  theoretical  studies  that  draw  from  geochemistry,  pe- 
trology, and  geophysics.  Such  projects  require  marine  as  well  as 
land-based  studies  and  careful  integration  of  results  from  the  two. 
Sampling  must  include  fluids,  melts,  sediments,  crust,  and  gases 
from  the  entire  subduction  zone,  the  subducting  plate  to  the  back- 
arc  zone.  Theoretical  and  experimental  studies  are  an  essential 
addition  to  these  geochemical  and  geophysical  programs.  Existing 
studies  have  related  only  to  isolated  aspects  of  mass  fluxes  at 
convergent  margins.  However,  the  results  of  these  studies  can  be 
used  in  conjunction  with  samples  from  existing  and  planned  Deep 
Sea  Drilling  Project  (DSDP)  and  Ocean  Drilling  Program  (ODP) 
holes  drilled  offshore  of  various  trenches  to  formulate  an  inte- 
grated, multidisciplinary  plan  for  studying  these  complex  systems. 

Ocean  Basin  Sediments 

Marine  sediments  provide  important  records  for  important  Earth 
processes.  For  example,  marine  sediments  furnish  a  history  of 
regional  and  global  volcanic  activity,  a  record  of  the  long-term 
changes  in  Earth's  magnetic  field,  and  a  tool  for  studying  large- 
scale  tectonic  processes,  such  as  continental  accretion  and  rifting. 
An  active  area  of  research  is  the  study  of  past  global  climates. 

Evidence  of  global  environmental  change  comes  from  the 
paleoclimate  record,  which  is  the  only  long-term  record  available. 
The  paleoceanographic  record  provides  information  necessary  to 
understand  environmental  changes  (see  "Directions  for  Marine 
Geochemistry").  The  paleoceanographic  record  also  places  obser- 
vations of  the  present  ocean  in  a  historical  context  of  long-term 
environmental  variability.  It  affords  a  unique  opportunity  to  test 
our  understanding  of  the  climate  system  as  represented  by  nu- 
merical models  of  the  ocean-atmosphere  system.  If  models  of  the 
present  ocean  are  capable  of  hindcasting  oceanographic  conditions, 
then  we  should  have  more  confidence  in  their  predictive  capabil- 
ity. Whereas  satellites  provide  a  global  means  to  observe  the 
ocean  surface,  ocean  sediments  and  the  proxy  indicators  of  oceano- 
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graphic  processes  defined  by  paleoceanographers  provide  a  global 
array  of  sensors  to  monitor  processes  within  the  ocean  over  long 
time  scales.  However,  we  must  understand  the  relationships  be- 
tween these  proxy  data  and  modern  processes  to  use  this  global 
information  effectively. 

With  sampling  resolution  ranging  from  annual  to  interannual 
to  millions  of  years,  study  of  the  marine  sediment  record  allows 
the  study  of  past  climates  on  a  wide  range  of  time  scales.  Six 
specific  research  themes  need  to  be  addressed  to  improve  signifi- 
cantly our  understanding  of  global  climate  change  and  its  effects,- 
they  are  described  briefly  below. 

Short-Term  Spatial  and  Temporal  Variability  in 
the  Climate  System 

It  is  desirable  to  characterize  the  natural  variability  in  the 
climate  system  on  annual  and  interannual  time  scales  over  spans 
of  thousands  of  years.  With  this  information,  the  significance  of 
instrumentally  observed  climate  changes  can  be  assessed  and  the 
variations  related  to  human  influences.  Marine  sediment  records 
already  analyzed  provide  a  qualitative,  although  spatially  limited, 
picture  of  variability  over  the  past  1,000  years,  which  appear  to 
have  contained  several  intervals  of  colder  than  normal  climate 
(e.g.,  the  Little  Ice  Age)  as  well  as  possible  warmer  time  intervals 
(e.g.,  the  Medieval  Warm  Period).  Information  on  the  magnitude 
and  frequency  of  short-term  variability  should  make  possible  a 
substantially  improved  assessment  of  the  degree  to  which  present 
trends  are  associated  with  increasing  greenhouse  gas  influences. 

Geological  Record  of  the  Carbon  System 

The  objective  is  to  identify  and  understand  the  role  of  the 
carbon  system  in  past  climatic  change  by  isolating  the  response  of 
global  climate  to  natural  changes  in  atmospheric  carbon  dioxide 
and  other  greenhouse  gases.  Studies  of  ice  cores  spanning  the 
past  160,000  years  now  provide  direct  evidence  that  atmospheric 
carbon  dioxide  has  changed  over  a  large  range  (180  to  300  parts 
per  million)  during  this  period.  Geologic  evidence  for  the  more 
remote  geologic  past  suggests  that  atmospheric  carbon  dioxide 
may  have  been  as  high  as  four  to  eight  times  its  present  level. 
Knowledge  of  these  large  atmospheric  carbon  dioxide  changes  on 
geologic  time  scales  presents  an  opportunity  to  understand  global 
climate  change  and  to  test  model  estimates.    For  the  period  of  ice 
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core  records,  there  is  a  well-documented  forcing  of  climate  changes 
by  the  distribution  of  solar  radiation  owing  to  Earth's  orbital  pa- 
rameters. The  response  of  climate  to  these  forcing  functions  can 
be  quantified  through  study  of  the  geologic  records.  Thus  the 
task  is  to  document  the  interaction  between  the  oceanic  and  ter- 
restrial carbon  cycle  and  atmospheric  carbon  dioxide  as  well  as 
the  pattern  of  climate  change. 

Instabilities  in  Ocean-Atmosphere  Circulation  in 
Earth  History 

Evidence  strongly  suggests  that  ocean  circulation  is  sensitive 
to  climate  change,  and  changes  in  ocean  circulation  in  turn  influ- 
ence the  nature  of  the  climate  equilibrium  (Kennett,  1977).  The 
geologic  record  provides  evidence  for  rapid,  short-term  transitions 
in  deep-water  circulation,  associated  changes  in  surface  circulation 
and  upwelling,  climate  changes  during  recent  geologic  history,  and 
several  abrupt  reorganizations  in  ocean  circulation  over  the  past  60 
m.illion  years.  The  ability  to  characterize  the  transitions  in  ocean 
circulation  and  to  define,  independently,  the  nature  of  the  changes 
in  the  atmosphere  will  provide  the  means  to  describe  case  studies  of 
the  links  between  the  ocean  and  the  atmosphere. 

Historical  evidence  confirms  ocean  response  times  on  the  or- 
der of  decades,  even  for  deep  water,  and  a  close  link  among  cli- 
mate and  moisture  fluxes,  salinity,  and  deep-water  circulation. 
Modeling  studies  indicate  the  potential  for  abrupt  transitions  be- 
tween modes  of  deep-water  circulation  associated  with  little  or 
no  change  in  external  forcing  or  with  implied  changes  in  surface 
moisture  fluxes. 


Episodes  of  Moderate  to  Extreme  Warmth 

Several  intervals  during  the  past  100  million  years  were  sig- 
nificantly warmer  than  the  present.  Proxy  evidence  and  the  re- 
sults of  preliminary  global  circulation  model  sensitivity  studies 
suggest  carbon  dioxide  levels  significantly  higher  than  today's  as 
the  likely  explanation  of  the  global  warmth  during  most  of  these 
episodes. 


Geological  Record  of  Global  Sea-Level  Change 

The  geological  record  contains  widespread  stratigraphic  evi- 
dence of  sea-level  rises  and  falls  (Shackelton,  1987),  but  further 
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Studies  are  needed  to  determine  the  magnitudes,  rates,  and  causes 
of  sea-level  changes.  Before  the  mechanisms  of  sea-level  change 
can  be  addressed  meaningfully,  better  estimates  of  the  magnitude 
and  rates  of  sea-level  changes  during  the  preglacial  and  glacial 
past  must  be  obtained.  It  is  especially  important  to  determine 
upper  limits  to  the  rate  at  which  the  sea  level  can  rise.  The 
constraints  provided  by  better-magnitude  estimates  could  elimi- 
nate several  postulated  causes  of  sea-level  change  and  help  focus 
on  the  most  relevant  possibilities. 

Effects  of  a  Changing  Physical-Chemical  State 
on  the  Evolution  of  Marine  Life 

The  fossil  record  preserved  in  the  ocean  is  the  best  source  of 
information  on  evolutionary  dynamics,  as  well  as  a  powerful  tool 
in  forecasting  the  biological  effects  of  global  change.  It  provides 
an  exceptionally  detailed  picture  of  the  distributions  of  fossil  spe- 
cies and  the  climatic  conditions  in  which  they  lived.  Many  ex- 
tinct marine  fossils  have  living  counterparts  that  can  be  studied 
for  knowledge  of  the  ecology  and  genetics  of  extinct  species. 

Were  organisms  able  to  acclimate  to  the  new  environmental 
conditions  and,  if  so,  how?  The  biological  effects  of  extreme 
shocks  to  the  biosphere  can  also  be  examined,  such  as  that  im- 
parted by  the  asteroid  impact  with  Earth  at  the  close  of  the  Creta- 
ceous. These  events  permit  us  to  evaluate  both  how  organisms 
respond  to  the  threat  of  extinction  and  how  survivors  set  about 
repopulating  the  vacated  environment.  Many  of  these  events  can 
also  be  studied  in  the  terrestrial  fossil  record.  However,  the 
higher  resolution  of  the  oceanic  record  permits  a  far  more  com- 
plete analysis  of  the  forces  that  underlie  evolutionary  processes 
on  a  global  scale  than  can  ever  be  accomplished  by  using  terres- 
trial organisms.  This  resolution  permits  us  to  evaluate  the  role 
of  climate  change  as  a  driving  force  behind  the  production  of  new 
species,  the  extinction  of  existing  species,  and  geographic  shifts 
in  populations.  We  can  forecast  the  biological  consequences  of 
human-caused  changes  in  the  environment  by  examining  similar 
events  in  the  fossil  record. 

Research  Approaches 

Study  of  oceanic  crust  and  sediments  has  been  aided  over  the 
past  30  years  by  a  number  of  new  techniques,  whose  application 
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will  continue  to  yield  information  about  the  seafloor,  a  region  of 
Earth  that  still  remains  largely  unknown.  Rock  and  sediment 
cores  obtained  through  the  DSDP/ODP  have  provided  glimpses  of 
the  structure,  composition,  and  the  processes  that  formed  these 
materials.  Continued  systematic  drilling  will  be  required  to  ob- 
tain a  complete  picture  of  the  structure  of  the  ocean  crust  and 
particularly  the  chemical  composition  and  hydrothermal  alteration 
processes.  Drilling  also  allows  geophysical  and  geochemical  in- 
struments to  be  placed  within  the  drill  holes  to  measure  tempera- 
ture, chemical  fluxes,  crustal  strain,  and  other  variables  impor- 
tant for  understanding  geological,  geochemical,  and  geophysical 
processes. 

The  technique  of  seismic  tomography  began  when  it  was  learned 
that  by  studying  the  propagation  of  seismic  waves,  both  in  terms 
of  speed  and  path,  through  the  Earth,  features  of  Earth's  structure 
could  be  discerned.  Later,  explosives  and  noise  generated  by  "air 
guns"  were  used  to  generate  sound  that  can  be  transmitted  some 
distance  into  the  seafloor  and  reflected  back  to  acoustic  receivers. 
These  techniques  have  been  used  to  gain  a  more  detailed  picture 
of  the  upper  seafloor,  particularly  the  sediment  layer  overlying 
the  crust.  The  newest  seismic  technique  has  been  to  drill  holes 
deep  into  the  seafloor,  placing  acoustic  sources  in  some  holes  and 
receivers  in  others,  to  produce  a  horizontal  seismic  tomograph  of 
the  intervening  sediments  and  crust. 

These  methods  provide  a  snapshot  of  structure  and  composi- 
tion from  which  processes  and  fluxes  may  be  inferred.  As  with 
other  oceanographic  disciplines,  the  importance  of  time-series  ob- 
servations for  observing  dynamic  processes  is  critical.  Scientists 
that  study  marine  geology  and  geophysics  will  increasingly  use 
time-series  measurements  of  changing  features,  through  repeat  cruises, 
rapid-response  measurement  techniques,  and  particularly  sensors 
moored  on  the  seafloor.  The  area  of  fluxes  is  one  in  which  chemi- 
cal oceanography  and  marine  geology  and  geophysics  interact,  be- 
cause measurement  of  benthic  chemical  fluxes  is  important  for 
both  fields.  Finally,  the  concept  of  "seafloor  observatories"  is 
being  implemented  through  the  RIDGE  program  and  through  re- 
search sponsored  by  the  Office  of  Naval  Research.  These  "labora- 
tories" are  actually  areas  of  the  seafloor  where  repeated  intensive 
observations  are  made.  For  example,  ONR  has  designated  sites  on 
the  Mid-Atlantic  Ridge  (a  slow-spreading  ridge)  and  the  East  Pa- 
cific Rise  (a  fast-spreading  ridge)  as  natural  laboratories  for  com- 
parative studies. 
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DIRECTIONS  FOR  BIOLOGICAL  OCEANOGRAPHY 

Summary 

In  the  next  decade,  biological  oceanography  will  emphasize 
the  effects  of  ecosystems  on  global  cycles  of  important  elements, 
such  as  carbon,  nitrogen,  and  oxygen,  and  conversely  the  effects 
of  global  environmental  changes  on  marine  ecosystems.  Of  timely 
interest  are  climate  change  and  population  dynamics  of  marine 
organisms.  In  addition  to  climate  change  that  may  be  accelerated 
by  carbon  dioxide  and  other  greenhouse  gas  emissions,  overfishing, 
eutrophication,  introduced  species,  and  other  anthropogenic  changes 
affect  marine  populations,  although  impacts  vary  regionally. 

The  complexity  of  biological  systems  and  their  variability  in 
both  time  and  space  pose  practical  problems  for  designing  pro- 
grams and  setting  research  priorities.  Potentially  important  ap- 
proaches include  both  studies  focused  on  regions  or  times  of  the 
year  with  clearly  distinguishable  food-web  structures  and  inten- 
sive examination  of  areas  where  geochemical  measurements  have 
identified  inconsistencies  or  contradictions.  There  is  also  an  ur- 
gent need  to  initiate  and  strengthen  long  time-series  studies  of 
the  biology  and  chemistry  of  key  oceanographic  regimes.  In  addi- 
tion, concerted  effort  must  be  applied  to  increasing  understanding 
of  the  basic  ecology,  physiology,  and  molecular  biology  of  key 
marine  species. 

For  the  foreseeable  future,  biological  oceanographers  will  need 
ships  to  collect  seawater,  sediments,  and  organisms  and  to  pre- 
pare and  process  samples  at  sea.  Thus  oceanographic  vessels  will 
remain  the  primary  facility  for  advancing  basic  knowledge  of  ma- 
rine ecosystems.  However,  the  use  of  other  technologies  and  ap- 
proaches could  lead  to  important  breakthroughs.  They  include 
satellite  and  aircraft  remote  sensing;  numerical  modeling;  mo- 
lecular biological  techniques;  optical,  acoustical,  and  sample  col- 
lection instrumentation  and  in  situ  data  acquisition  systems,  in- 
cluding bottom  landers;  and  remotely  operated  vehicles. 

Introduction 

Studying  marine  communities  is  difficult  without  an  under- 
standing of  their  associated  physical,  geological,  and  chemical  en- 
vironments. It  is  likely  that  biological  oceanographers  will  strengthen 
interdisciplinary  collaboration  in  the  i990s  to  include  more  at- 
mospheric chemists,  meteorologists,  sedimentologists,  paleontol- 
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ogists,  and  other  Earth  scientists.  At  the  same  time,  advances  in 
biological  oceanography  will  contribute  information  critical  to  studies 
in  chemical  oceanography  and  related  disciplines.  The  ocean  is  a 
biochemical  system,  and  the  biotic  and  abiotic  components  of 
seawater  coevolved,  resulting  in  a  distribution  of  elements  in  the 
world's  ocean  that  is  dictated  by  biological  processes  in  the  sunlit 
surface  waters. 

Biological  oceanographers  study  the  regulation  of  plant,  ani- 
mal, and  bacterial  production;  the  mechanisms  affecting  the  way 
production  is  partitioned  among  trophic  levels  and  individual  spe- 
cies; and  the  dynamics  of  marine  populations.  They  use  various 
approaches  to  study  these  phenomena.  Some  biological  oceanog- 
raphers measure  concentrations  of  carbon,  nitrogen,  calories,  and 
other  basic  constituents  of  life  and  the  rates  at  which  they  are 
transferred  through  the  food  web  and  to  the  seafloor  as  sinking 
particles.  Others  explore  the  physiology,  behavior,  genetic  diver- 
sity, and  abundance  of  individuals  within  populations  and  use 
this  knowledge  to  develop  conceptual  models  of  the  nature  and 
regulation  of  marine  communities.  In  recent  years,  molecular 
biology  tools  have  contributed  to  these  measurements.  Research 
in  the  next  10  years  will  emphasize  how  biota  affect  global  cycles 
of  carbon,  nitrogen,  phosphorus,  oxygen,  and  other  key  elements 
and,  conversely,  how  climate  and  other  ocean  environment  changes 
affect  marine  ecosystems.  During  the  1990s  and  beyond,  studies 
of  marine  ecosystems  are  likely  to  be  central  to  resolving  contro- 
versies surrounding  the  key  issues  of  global  change. 

There  is  general  agreement  that  the  ocean  is  a  significant  sink 
in  the  global  carbon  cycle  (and  related  cycles  of  nitrogen,  phos- 
phorus, silicon,  and  other  biologically  important  elements)  and 
thus  is  an  important  modulator  of  the  greenhouse  effect  caused  by 
the  buildup  of  atmospheric  carbon  dioxide.  Carbon  dioxide  in  the 
surface  mixed  layer  of  the  ocean  is  generally  within  30  percent  of 
saturation,  whereas  it  is  supersaturated  in  the  deep  ocean  by  as 
much  as  300  percent  with  respect  to  the  present  atmospheric  car- 
bon dioxide  level.  The  concentration  gradient  is  maintained  by 
the  "biological  pump"  in  the  surface  waters,  which  through  bio- 
logical fixation,  packaging,  and  transfer  results  in  a  net  downward 
flow  of  carbon  to  the  deep  sea.  The  ocean  is  a  carbon  sink  be- 
cause some  of  the  organic  matter  synthesized  by  organisms  in  the 
sunlit  upper  ocean  (the  euphotic  zone)  settles  to  the  seafloor,  and 
some  small  fraction  of  that  reaching  the  seafloor  is  eventually 
buried  in  marine  sediments,  where  it  may  remain  for  millions  of 
years.     Annual  carbon  burial  in  marine  sediments  is  0.5  x  10'^ 
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grams  globally  making  this  process  the  largest  biotic  sink  of  the 
global  carbon  cycle  (Moore  and  Bolin,  1986). 

One  of  the  major  uncertainties  in  the  models  of  the  global 
carbon  cycle  is  the  role  of  marine  organisms  in  the  ocean  carbon 
budget.  During  the  spring  bloom  in  the  North  Atlantic,  the  air- 
sea  carbon  dioxide  flux  is  strongly  controlled  by  biological  activ- 
ity. However,  the  comparative  magnitude  of  the  ocean  and  terres- 
trial sinks  of  carbon  is  in  dispute  (Tans  et  al.,  1990),  owing  primarily 
to  lack  of  knowledge  about  air-sea  gas  exchange  rates,  the  vari- 
ability of  carbon  dioxide  saturation  of  surface  waters,  and  the 
effects  of  food  webs  on  the  production,  reoxidation,  sedimenta- 
tion, and  burial  of  carbon. 

The  rate  at  which  dissolved  or  particulate  matter  passes  through 
the  horizontal  plane  at  any  particular  depth  in  the  ocean  is  called 
vertical  flux,  whereas  lateral  flux  refers  to  flux  through  a  vertical 
plane.  In  the  ocean,  the  vertical  flux  of  organic  material  (as  well 
as  the  lateral  flux  of  organic  material  between  estuaries  and  wa- 
ters above  continental  shelves  and  between  shelf  and  oceanic  wa- 
ters) and  its  burial  rate  in  ocean  sediments  are  not  simple  linear 
functions  of  primary  production.  The  structures  of  marine  food 
webs  (the  number  and  type  of  organisms  at  various  feeding  levels 
and  the  feeding  relationships  among  the  organisms)  in  the  eu- 
photic  zone,  in  mid  waters,  deep  waters,  and  at  the  seafloor  are 
key  variables  affecting  vertical  and  lateral  fluxes  of  biologically 
important  elements. 

As  indicated  above,  marine  food  webs  affect  global  biogeochemical 
cycles,  and  marine  populations,  in  turn,  are  affected  by  changes  in 
global  climate  and  human-induced  changes  in  ocean  environments. 
Some  of  the  best  examples  of  climate  effects  on  marine  organisms 
come  from  European  fisheries,  for  which  long  time  series  exist  for 
fish  catch  and  abundance  in  relation  to  key  physical  and  biologi- 
cal variables.  An  extraordinary  event  occurred  during  the  1960s 
in  the  North  Sea,  where  the  abundance  of  codlike  fish  exploded  as 
the  herring  population  declined.  This  major  change  probably  oc- 
curred in  response  to  a  period  of  cooling  that  decreased  the  abun- 
dance of  certain  zooplankton  species  during  the  time  of  the  year 
when  young  herring  require  zooplankton  as  food  (Gushing,  1982). 
The  impact  of  El  Nino  on  South  American  anchoveta  populations 
is  another  well-known  example. 

Human  activities  also  affect  marine  populations,  particularly 
in  estuarine  and  coastal  waters,  although  anthropogenic  effects 
are  difficult  to  distinguish  from  highly  variable  natural  cycles.  Of 
particular  concern  are  the  long-term  effects  of  nutrient  enrich- 
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ment  (eutrophication)  resulting  from  altered  land  use,  and  waste 
disposal  as  a  reason  for  the  low  oxygen  concentrations  on  conti- 
nental shelves.  An  additional  concern  is  the  deliberate  or  acci- 
dental transport  of  species  from  one  ocean  to  another  by  shipping 
or  other  activities,  leading  to  outbreaks  of  the  introduced  species. 
Documenting  the  causes  and  effects  of  changes  in  marine  popula- 
tions is  difficult,  but  new  techniques  and  approaches  will  make 
this  research  possible  in  the  future. 

Effects  of  the  Food  Web  on  Global  Biogeochemical  Cycles 

Phytoplankton,  macroalgae,  and  sea  grasses  use  energy  derived 
from  sunlight  to  incorporate  inorganic  carbon,  nitrogen,  phospho- 
rus, and  other  elements  into  organic  molecules  that  are  the  build- 
ing blocks  of  life  and  sources  of  energy  for  nonphotosynthetic 
organisms  that  consume  these  plants.  Some  bacteria  also  synthe- 
size organic  matter  using  chemical  energy  (chem.osynthesis)  rather 
than  sunlight  as  a  primary  energy  source.  In  the  ocean,  most 
organic  carbon  produced  by  photosynthesis  and  chemosynthesis  is 
ingested  by  zooplankton  and  higher  animals,  oxidized  for  energy, 
and  ultimately  respired  as  carbon  dioxide  in  the  upper  few  hun- 
dred meters  of  the  water  column.  At  the  same  time,  nutrient 
elements,  such  as  nitrogen,  phosphorus,  and  some  trace  metals, 
are  recycled  and  reused  by  phytoplankton.  A  variable  fraction  of 
organic  matter  is  not  recycled  in  surface  waters;  instead,  it  settles 
out  of  the  upper  ocean  layers,  thereby  contributing  to  vertical 
fluxes.  Thus  fluxes  of  carbon,  nitrogen,  oxygen,  phosphorus,  sul- 
fur, and  other  biologically  important  elements  are  controlled  by 
food-web  processes.  A  major  research  theme  for  the  i990s  will  be 
to  describe  the  effects  and  possible  controls  that  food-web  struc- 
ture and  function  have  on  fluxes  from  the  euphotic  zone  to  middepth 
and  deep  waters,  to  the  ocean  sediments,  and  into  the  geological 
record. 

Episodic  Export  of  Material  from  the  Surface 

The  simplest  description  of  the  effects  of  marine  food  webs  on 
vertical  flux  involves  only  the  size  and  species  of  phytoplankton 
and  whether  the  phytoplankton  sink  before  being  ingested.  For 
example,  the  spring  diatom  bloom  in  the  North  Atlantic  is  thought 
to  sink  without  significant  predation,  whereas  where  cyanobactena 
are  the  dominant  primary  producers,  sinking  of  organic  material 
from  the  upper  ocean  is  largely  mediated  by  food-web  processes. 
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In  the  latter  case,  vertical  flux  is  small,  mainly  because  of  the 
number  of  steps  in  the  cyanobacteria-based  food  webs,  which  lead 
to  more  recycling.  In  either  case,  the  importance  of  the  down- 
ward fluxes  to  the  biota  is  that  food  resources  are  no  longer  avail- 
able to  the  community  from  which  they  exit  but  seem  to  fuel 
successively  deeper  communities. 

Most  particles  in  the  ocean  are  small  and  sink  slowly.  Par- 
ticles that  account  for  most  of  the  transfer  of  material  to  the 
seafloor  are  the  rarer,  large  particles  that  have  both  high  mass  and 
high  sinking  rates.  They  include  the  fecal  pellets  produced  by 
large  zooplankton,  large  aggregates  of  detritus  and  plant  debris 
(marine  snow),  and  living  organisms.  Zooplankton  can  increase 
vertical  flux  by  repackaging  and  concentrating  organic  matter  from 
small,  slowly  sinking  phytoplankton  and  microorganisms  into  fe- 
cal pellets  and  mucous  feeding  structures  that  sink  much  faster 
than  individual  particles.  Sinking  flux  varies  by  an  order  of  mag- 
nitude among  food  webs.  Food  webs  dominated  by  large  zoo- 
plankton consumers  may  export  a  much  greater  percentage  of  con- 
sumed primary  production  than  food  webs  in  which  phytoplankton 
are  initially  consumed  by  smaller  protozoans  and  zooplankton, 
owing  to  the  relative  sizes  and  sinking  rates  of  fecal  pellets.  Epi- 
sodic zooplankton  swarms  could  dominate  the  long-term  average 
export  of  organic  matter  from  surface  ocean  communities,  but 
such  swarms  are  often  missed  by  short-term  studies. 

The  activities  of  marine  animals  in  breaking  apart  and  con- 
suming large  aggregates  on  their  way  to  the  seafloor  may  also  be 
significant,  and  as  yet  poorly  quantified,  factors  in  controlling 
particle  flux.  Many  of  these  particles  are  consumed  by  animals  as 
they  sink  and  are  converted  into  smaller  fecal  pellets,  new  animal 
growth,  respired  carbon  dioxide,  and  dissolved  organic  matter. 

Dissolved  Organic  Material 

The  measurement  of  dissolved  organic  material  (DOM)  is  also 
of  great  interest  to  biological  oceanographers  and  is  an  area  of 
overlap  between  the  disciplines  of  biological  and  chemical  ocean- 
ography. The  size,  average  age,  and  biological  availability  of  the 
DOM  pool  are  controversial,  but  the  pool  could  be  significant  in 
global  fluxes  of  carbon,  nitrogen,  and  other  biologically  important 
elements.  Furthermore,  a  major  unresolved  question  is  the  degree 
to  which  DOM  provides  nutrition  for  the  ubiquitous  microbial 
community,  which  may  use  organic  carbon  at  10  to  40  percent  of 
the  rate  at  which  phytoplankton  use  it. 


437 


FUTURE  DIRECTIONS  IN  OCEAN  SCIENCES  99 

Benthos 

Deep-sea  benthic  organisms  receive  a  slow  nonseasonal  rain 
of  fecal  pellets  and  dead  organisms.  Recent  studies  in  the  North 
Atlantic  show  that  additional  large  pulses  of  organic  particles  ar- 
rive at  the  bottom  within  weeks  to  months  following  the  spring 
phytoplankton  bloom,  probably  accelerated  by  formation  of  ma- 
rine snow  particles.  A  complementary  study  in  the  same  general 
area  indicated  that  benthic  organisms  grow  faster  than  previously 
believed,  with  maximum  growth  rates  following  the  annual  depo- 
sition of  phytoplankton  detritus  from  the  spring  bloom  (Lampitt, 
1990).  An  open  question  is  the  extent  to  which  benthic  organ- 
isms rely  on  these  episodes  of  rich  input.  Certain  large  animals 
may  metabolically  cache  food  resources. 

Ocean  Margins  ' 

The  role  of  coastal  areas  in  global  ocean  carbon  and  nutrient 
cycles  is  controversial.  Several  issues  remain,  such  as  the  per- 
centage of  seasonal  and  annual  coastal  production  that  is  exported 
to  the  deep  sea,  the  percentage  of  global  productivity  that  takes 
place  in  the  coastal  ocean,  and  the  extent  to  which  the  coastal 
ocean  functions  as  a  net  carbon  sink  because  of  the  massive  in- 
puts of  nutrients.  Interdisciplinary  studies  will  be  required  to 
resolve  the  controversies  regarding  lateral  exchanges  between  es- 
tuaries and  the  coastal  ocean,  and  between  coastal  and  deeper 
waters.  This  point  is  developed  further  in  "Directions  for  Coastal 
Ocean  Processes." 


Biology  of  Hydrothermal  Vent  and  Hydrocarbon  Seep  Habitats 

Most  oceanic  food  webs  are  based  on  photosynthetic  produc- 
tivity occurring  in  the  upper  regions  of  the  ocean.  A  little  more 
than  a  decade  ago,  it  was  discovered  that  dense  bacterial  and  ani- 
mal communities,  which  rely  largely  on  in  situ  chemosynthetic 
activity,  thrive  at  deep-sea  hydrothermal  vents  and  at  hydrocar- 
bon seep  zones.  Carbon  fixation  in  these  habitats  is  driven  by 
highly  reduced  substances,  such  as  hydrogen  sulfide,  that  are  ex- 
ploited by  both  free-living  bacteria  and  bacteria  living  within  ani- 
mal tissues. 

The  role  of  deep-sea  hydrothermal  vent  systems  in  generating 
and  dispersing  fixed  carbon  is  an  area  of  active  study.  Although  it 
is  unlikely  that  carbon  fixation  at  the  hydrothermal  vents  is  a 
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major  factor  in  total  global  carbon  fixation,  carbon  fixation  in  the 
deep  sea  deserves  study  because  of  its  uniqueness.  Characteriza- 
tion of  the  global  extent  of  these  systems,  the  rates  at  which  their 
free-living  and  symbiotic  bacteria  fix  carbon  dioxide,  and  the  ex- 
tent to  which  organic  materials  at  vents  are  distributed  to  other 
regions  of  the  oceans  will  be  key  areas  of  research  for  the  next 
decade.  Beyond  understanding  the  biogeochemical  role  of  these 
communities,  studies  of  vent  communities  will  give  insight  into 
the  evolution  and  functioning  of  nutritious  and  detoxifying  mutu- 
alism among  organisms.  Support  for  this  work  has  a  broad  inter- 
national base,  such  as  through  the  RIDGE  program,  which  sup- 
ports multidisciplinary  investigations  of  the  biology,  geochemistry, 
and  geophysics  of  mid-ocean  ridge-crest  systems. 

Study  of  these  diverse  ecosystems  in  which  chemosynthetic 
processes  replace  or  complement  photosynthetic  productivity  is 
necessary  to  understand  the  complex  nature  of  marine  food  webs 
and  the  full  suite  of  exchanges  and  transformations  that  consti- 
tute the  global  carbon  cycle. 

Effects  of  Climate  Change  on  Populations 
of  Marine  Organisms 

The  characteristics  of  a  region  that  determine  its  suitability 
for  any  given  organism  include  not  only  the  availability  of  food 
and  the  abundance  of  predators  but  also  the  dynamic  physical 
features  (mixing  and  circulation)  of  the  local  environment  that 
influence  the  success  of  recruitment,  efficiency  of  feeding,  and 
susceptibility  of  organisms  to  predation.  Global  change  could 
affect  oceanic  animal  populations  by  changing  physical  processes 
of  significance  to  the  planktonic  organisms.  At  present,  it  is  not 
possible  to  predict  definitively  the  impacts  of  global  change  on 
the  physical  parameters  of  the  ocean  and  the  atmosphere.  How- 
ever, the  effects  of  climate  change  can  be  partly  anticipated  by 
examining  similar  effects  on  shorter  time  scales,  such  as  seasonal 
freshwater  pulses.  El  Niiios,  and  other  infrequent  oceanographic 
phenomena.  Three  examples  illustrate  how  global  climate  change 
could  affect  the  physical  features  and  processes  of  the  sea  that 
influence  the  abundance,  distribution,  and  production  of  marine 
planktonic  animals. 

High-latitude  marine  ecosystems  may  be  more  susceptible  to 
global  change  than  low-latitude  marine  ecosystems.  If  precipita- 
tion patterns  change  as  estimated  and  global  warming  triggers  the 
rapid  melting  of  previously  persistent  ice  fields  and  the  retreat  of 
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glaciers,  the  volume  of  fresh  water  that  enters  polar  waters  (e.g., 
the  Gulf  of  Alaska)  is  likely  to  increase  substantially.  The  input 
of  fresh  water  can  be  critical  to  coastal  currents,  as  seen  by  the 
effects  of  the  Mississippi  and  St.  Lawrence  rivers.  Changes  in 
precipitation  (temporal  and  spatial)  and  the  amount  of  ice  melt 
could  shift  the  direction  and  change  the  magnitude  of  coastal 
currents.  Such  physical  changes  will  affect  fish  populations  by 
affecting  transport  of  eggs  and  larvae. 

The  effects  of  El  Nino  events  on  eastern  boundary  current 
ecosystems  in  the  Pacific  Ocean  could  serve  as  a  model  of  the 
possible  effects  of  global  warming  (McGowan,  1990)  in  terms  of 
decreased  primary  and  secondary  production.  In  addition,  an  in- 
creased temperature  differential  between  land  and  ocean  could 
enhance  coastal  winds  and  hence  wind-induced  transport  of  sur- 
face water  away  from  the  shore,  reducing  the  reproductive  success 
of  species  that  spawn  offshore  but  rely  on  coastal  habitats  later  in 
their  life  cycles.  Stronger  winds  would  also  increase  turbulence 
in  the  surface  mixed  layer,  dispersing  patches  of  planktonic  food, 
and  thereby  making  the  food  less  available  for  fish. 

The  third  example  involves  the  impacts  of  a  changing  sea  level. 
If  sea  level  rises  at  a  rate  of  1  to  3  millimeters  per  year  over  the 
coming  50  to  100  years,  profound  impacts  on  nearshore  habitats 
would  result.  In  areas  with  broad,  flat  coastal  plains,  the  width  of 
the  inner  continental  shelf  may  be  expected  to  increase  greatly. 
This  change  would  wipe  out  many  coastal  habitats.  In  addition, 
distribution  of  the  wave  energy  over  a  wider  continental  shelf 
may  substantially  modify  the  transport  of  planktonic  organisms 
to  shore,  affecting  the  success  of  larval  recruitment  and  the  tran- 
sition of  organisms  from  larval  to  juvenile  stages. 

Other  Anthropogenic  Influences 

Other  human-induced  environmental  changes  also  affect  ma- 
rine populations,  although  they  vary  regionally  and  their  extent  is 
disputed.  For  example,  McGowan  (1990)  reported  no  detectable 
change  of  pelagic  species  or  of  ecosystem  structure  in  the  Califor- 
nia Current  ecosystem  despite  extensive  harvesting  (fishing)  of 
top  predators  and  vastly  increased  inputs  of  pollutants.  In  con- 
trast, the  Baltic  Sea  ecosystem  has  changed  significantly  in  the 
past  50  years  in  response  to  eutrophication  (Kullenberg,  1986). 

The  incidence  of  unusual,  and  sometimes  harmful,  phytoplankton 
blooms  is  increasing  in  coastal  waters  around  the  world.  The 
evidence  is  particularly  compelling  in  European  and  Japanese  wa- 
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ters,  where  long-term  water  quality  monitoring  programs  exist. 
The  precise  causes  of  any  bloom  event  are  difficult  to  ascertain, 
but  there  is  increasing  evidence  that  unusual  phytoplankton  blooms 
are  related  to  changes  in  nitrogen-silicon  ratios  caused  by  eutrophi- 
cation.  The  food-web  consequences  of  the  global  epidemic  of 
noxious  phytoplankton  blooms  could  be  severe  in  some  areas. 

Fishing  activity  also  changes  the  structure  of  marine  ecosys- 
tems, although  the  effects  of  overfishing  are  often  difficult  to 
resolve  from  long-period  cycles  in  organism  abundance.  Overfish- 
ing of  the  Georges  Bank  off  the  northeastern  United  States  has 
changed  the  composition  of  fish  species.  From  the  mid-1960s 
until  the  early  1970s,  herring  and  haddock  declined  by  about  a 
factor  of  10  due  to  severe  fishing  pressure.  At  the  same  time, 
squid,  dogfish,  and  sand  lance  increased,  probably  because  they 
filled  the  ecological  niches  of  depleted  haddock  and  herring  stocks 
(Sissenwine,  1986). 

Long-term  studies  of  some  coastal  benthic  communities  sug- 
gest that  they  have  changed  significantly  owing  to  eutrophica- 
tion.  A  20-year  time  series  of  benthic  species  abundance  data  at  a 
station  in  Puget  Sound  suggests  that  eutrophication  may  be  caus- 
ing shifts  in  the  dominant  species  as  well  as  increasing  the  mag- 
nitude of  population  fluctuations  (Nichols,  1985).  Yet,  even  with 
decadal  time  series,  cause  and  effect  are  difficult  to  ascribe  unam- 
biguously, in  part  because  anthropogenic  effects  are  difficult  to 
distinguish  from  natural  changes. 

Research  Strategies 

The  complexity  of  biological  systems  and  their  variability  in 
time  and  space  pose  practical  problems  for  designing  programs 
and  setting  research  priorities.  Research  based  on  the  theme  that 
food-web  variability  controls  variability  in  fluxes  of  biologically 
important  elements  in  the  global  ocean  could  take  many  forms,- 
efforts  must  then  focus  on  a  subset  of  key  questions  and  approaches. 

One  possibility  is  to  take  a  comparative  approach  and  focus 
studies  on  regions  or  times  of  the  year  with  clearly  distinguish- 
able food-web  structures,  and  to  examine  processes  in  the  eu- 
photic  zone  and  in  deeper  waters.  A  second  possible  strategy  is  to 
plan  biological  studies  to  resolve  seeming  inconsistencies  or  con- 
tradictions obtained  from  geochemical  measurements  and  mod- 
els. For  example,  recent  interest  in  vertical  fluxes  in  the  North 
Atlantic  (Altabet,  1989)  were  inspired  in  part  by  geochemical  studies 
indicating  that  conventional  views  of  productivity  and  particle 
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flux  in  nutrient-poor  waters  were  inconsistent  with  geochemical 
data. 

A  third  possible  strategy  is  to  study  regions  of  the  ocean  that 
are  anomalous  vis-a-vis  standard  paradigms.  What  controls  pro- 
ductivity in  nutrient-rich  areas  of  the  sea,  such  as  the  subarctic 
Pacific  and  the  equatorial  Pacific?  If  this  question  could  be  an- 
swered unequivocally,  it  would  indicate  significant  progress  to- 
ward a  general  understanding  of  oceanic  productivity. 

In  support  of  all  three  strategies  is  continued  research  on  the 
ecology,  physiology,  and  molecular  biology  of  representative  spe- 
cies from  specific  oceanographic  regimes.  Without  an  understanding 
of  the  basic  biology  of  individual  organisms,  one  cannot  hope  to 
understand  how  the  marine  food  web  works  or  to  predict  how  the 
ecosystem  will  respond  to  change. 

Technologies  and  Approaches  for  the  1990s 

The  pace  of  scientific  progress  is  often  closely  coupled  with 
the  development  and  application  of  new  technologies.  Several 
technologies  and  approaches  will  aid  the  study  of  marine  ecosys- 
tems in  the  1990s  and  could  lead  to  important  breakthroughs. 

Satellite  Remote  Sensing 

By  the  mid-1990s,  three  variables  will  be  measured  simulta- 
neously by  satellite  for  routinely  characterizing  ecosystems  and 
related  environmental  factors.  The  three  variables  are  sea  surface 
temperature,-  sea  surface  and  near-surface  ocean  color  to  deter- 
mine chlorophyll  and  water  clarity;  and  sea  surface  wind  fields  for 
estimating  rates  of  vertical  mixing,  air-sea  gas  exchange  rates,  and 
other  wind-related  processes,  such  as  the  seasonal  changes  in  the 
depth  of  the  surface  ocean  mixed  layer. 

Numerical  Modeling 

Two  developments  in  modeling  should  make  significant  con- 
tributions to  ecosystem  studies  in  the  1990s.  First,  models  are 
being  developed  that  can  be  used  to  help  form  hypotheses  regard- 
ing the  role  of  oceanic  biota  in  global  nutrient  budgets.  These 
models  ultimately  will  merge  basic  miathematical  descriptions  of 
biogeochemical  cycles  with  general  circulation  models  and,  from 
given  starting  conditions,  will  attempt  to  predict  the  evolution  of 
fluxes  over  time.    Global  models  will  be  particularly  useful  con- 
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ceptual  tools  as  techniques  are  developed  to  incorporate  tracer 
distributions  and  satellite  data  into  modeling  procedures.  For 
studies  of  marine  populations,  models  based  on  individual  organ- 
isms show  promise  because  they  allovs^  treatment  of  biological 
variability  at  the  species  level. 

Molecular  Biology 

Marine  organisms  in  general  have  not  been  studied  as  exten- 
sively as  their  terrestrial  counterparts;  relatively  little  is  know^n 
about  the  biota  of  the  world  ocean.  Barriers  to  rapid  advance- 
ments in  biological  oceanography  include  the  inability  of  con- 
ventional technology  to  distinguish  rapidly  among  marine  taxa 
and  to  resolve  important  questions  related  to  marine  community 
structure,  flow  dynamics,  and  their  interrelationships.  Similarly, 
advances  in  marine  biology  and  biological  oceanography  are  lim- 
ited by  the  paucity  of  fundamental  knowledge  of  the  genetics, 
molecular  biology,  biochemistry,  and  physiology  of  marine  or- 
ganisms. 

A  new  suite  of  elegant  and  sophisticated  technologies  and  in- 
struments for  molecular  biology  has  been  developed  in  the  past 
two  decades  that  could  greatly  facilitate  studies  of  marine  organ- 
isms. The  technologies  of  molecular  genetics  are  now  applicable 
to  ocean  science.  These  technologies,  which  allow  one  to  ma- 
nipulate and  probe  the  most  fundamental  life  processes  in  ways 
that  were  not  previously  imagined,  will  revolutionize  knowledge 
of  the  processes  and  mechanisms  that  regulate  population,  spe- 
cies, and  community  structures  in  ocean  ecosystems. 

In  general,  molecular  biology  will  aid  the  study  of  marine 
ecosystems  in  two  ways:  it  will  help  to  determine  the  physiologi- 
cal state  of  organisms,  and  it  will  help  to  identify  and  character- 
ize the  genetic  structure  of  marine  populations.  Work  in  these 
areas  will  help  both  to  identify  the  causes  of  biological  variability 
in  the  ocean  and  to  understand  the  implications  of  this  variability 
for  the  stability  and  ecological  balance  of  human-impacted  eco- 
systems. For  example,  these  techniques  were  used  to  discover 
archaebacteria  and  prochlorophyte  phytoplankton,  to  study  the 
role  of  marine  viruses,  to  determine  the  diversity  of  marine  bacte- 
ria, and  to  study  the  enzyme  activity  of  marine  organisms.  Re- 
search in  these  areas  is  in  its  infancy,  and  new  techniques  of 
molecular  biology  will  undoubtedly  continue  to  play  an  impor- 
tant role  in  future  research. 
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Acoustics 

Sound  is  an  extremely  useful  tool  in  biological  and  fisheries 
oceanography.  The  scattering  of  sound  by  organisms  at  many 
different  trophic  levels  can  be  used  for  a  variety  of  purposes.  Schools 
of  fish  and  patches  of  plankton  can  be  located  and  tracked  acous- 
tically. It  may  eventually  be  possible  to  distinguish  living  from 
nonliving  scatterers  and  to  identify  the  biological  scatterers  by  spe- 
cies. It  may  soon  be  possible  to  estimate  biomass  acoustically  as  a 
function  of  trophic  level  in  the  ocean.  Sound  scattering  has  been 
used  commercially  since  the  1930s  to  locate  fish  schools,  but  only 
recently  have  multifrequency  systems  been  available  for  quantita- 
tive study  of  animal  plankton.  The  Multi-Frequency  Acoustic  Pro- 
filing System  is  capable  of  profiling  zooplankton  in  the  size  range  of 
0.2  to  10  millimeters.  General  application  of  acoustical  technology 
will  require  the  development  of  inexpensive  equipment  and  tech- 
niques to  analyze  and  use  the  large  volumes  of  data  generated. 

Bio-optics 

Fluorometers,  transmissometers,  and  spectroradiometers  are 
used  to  measure  phytoplankton  populations,  the  turbidity  of  the 
water  column,  and  the  amount  and  wavelength  of  light  that  pen- 
etrate beneath  the  ocean  surface  at  a  given  site.  Correlating  site 
measurements  with  measurements  from  satellite  ocean  color  sen- 
sors provides  the  means  to  extrapolate  phytoplankton  measure- 
ments to  a  global  scale.  Mooring  optical  instruments  together 
with  current  meters  and  temperature  and  salinity  sensors  pro- 
vides a  technique  for  collecting  long  (months)  and  highly  resolved 
(minutes  to  hours)  time-series  measurements,  permitting  biologi- 
cal oceanographers  to  study  what  physical  factors  control  phy- 
toplankton populations.  Moorings  contribute  data  on  variation 
over  time  and  depth,  whereas  satellite  sensors  provide  informa- 
tion on  variation  over  the  global  ocean  surface.  Flow  cytometry 
is  another  optically  based  technology  that  is  extremely  useful  for 
characterizing  the  size  and  pigment  composition  of  phytoplank- 
ton and  bacteria  and  for  sorting  populations  based  on  these  and 
other  criteria. 

Imaging  for  Organism  Enumeration 

New  techniques  for  imaging  organisms  in  situ,  now  available, 
show  promise  for  widespread  application  in  the   1990s.     These 
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technologies  include  schlieren  video  systems  and  holography,  which 
have  been  used  in  the  laboratory  to  study  zooplankton  feeding 
behavior.  When  successfully  applied  in  situ,  three-dimensional 
analyses  of  individual  organisms  and  their  spatial  relations  will 
be  possible  on  scales  sufficient  to  resolve  the  behavior  of  indi- 
vidual organisms. 

Time  Series 

The  concept  of  acquiring  long  time  series  of  key  ecosystem 
variables  at  important  locations  in  the  global  ocean  is  certainly 
not  new.  Yet,  with  the  possible  exception  of  tide-gauge  stations, 
the  routine  collection  of  temperature  data  by  commercial  ships, 
and  a  few  simple  physical  measurements,  time-series  measure- 
ment programs  are  rare.  A  notable  example  of  long  time-series 
biological  measurements  is  the  Continuous  Plankton  Recorder  Sur- 
veys of  marine  plankton  in  the  North  Atlantic  Ocean.  Ongoing 
programs  measuring  biological  variables  (e.g.,  the  California  Co- 
operative Oceanic  Fisheries  Investigation)  are  generally  poorly  funded. 
Virtually  all  recent  planning  reports  stress  the  importance  of  long 
time  series  to  resolve  key  global  change  issues  and  to  describe  the 
fundamental  attributes  of  marine  ecosystem  dynamics.  Satellite 
sensors  and  bio-optical  moorings  provide  one  level  of  informa- 
tion, but  many  more  in  situ  observations  are  needed.  Federal 
agencies  recently  have  recognized  the  importance  of  financially 
supporting  long-term  measurement  programs.  For  example,  NSF 
supports  time  series  stations  at  Bermuda  and  Hawaii,  and  the 
National  Oceanic  and  Atmospheric  Administration  and  the  Office 
of  the  Oceanographer  of  the  Navy  are  planning  the  U.S.  contribu- 
tion to  a  global  ocean  monitoring  system.  These  time-series  sta- 
tions could  be  considered  the  beginning  of  the  biological  portion 
of  a  global  ocean  observing  system. 

Ideas  and  technologies  are  in  place  to  make  significant  progress 
during  the  next  10  years  in  determining  the  role  of  marine  ecosys- 
tems in  global  ocean  biogeochemical  cycles  and  the  effects  of 
global  change  on  marine  ecosystems.  Available  technologies  range 
from  molecular  probes  to  satellite  sensors.  The  ideas  cover  a 
comparable  range  of  scales,  from  hypotheses  about  predator-prey 
encounters  at  centimeter-length  scales  to  those  about  interannual 
variability  in  global  ocean  primary  production.  During  the  past 
five  years,  biological  oceanographers  have  conducted  a  number  of 
workshops  and  issued  a  large  number  of  planning  documents  and 
reports  (Appendix  III).    The  field  is  obviously  not  idea  limited. 
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DIRECTIONS  FOR  COASTAL  OCEAN  PROCESSES 

Summary 

In  the  coming  decade,  coastal  research  will  be  more  interdisci- 
plinary than  it  is  now.  Understanding  coastal  processes  will  re- 
quire interdisciplinary  studies  of  biological,  chemical,  physical, 
and  geological  processes.  There  will  probably  be  considerable 
progress  on  the  exchange  of  materials  across  continental  shelves 
and  between  the  ocean  and  the  atmosphere.  For  example,  physi- 
cal mechanisms  for  cross-shelf  exchange  and  their  interactions 
with  nonphysical  mechanisms  should  be  thoroughly  studied.  By 
the  end  of  the  decade,  estimations  of  air-sea  fluxes  of  momentum, 
heat,  and  gases  in  a  nonequilibrium  sea  state  (typical  for  the  coastal 
ocean)  should  be  possible.  Further,  the  understanding  of  biologi- 
cal, chemical,  and  geological  processes  that  affect  these  fluxes 
should  have  advanced  substantially.  Considerable  progress  should 
have  been  achieved  in  understanding  the  complex  inner  shelf  (wa- 
ter depths  of  3  to  30  meters),  where  measurements  are  difficult  to 
make  and  processes  difficult  to  model  because  of  the  many  more 
factors  that  influence  the  system,  compared  to  the  open  ocean.  In 
the  same  vein,  a  more  predictive  understanding  of  the  flux  of 
materials  through  estuaries  will  emerge  as  our  knowledge  of  the 
interactions  of  biological,  geochemical,  and  physical  processes 
improves. 

Cross-shelf  exchange  and  its  related  biological,  chemical,  geo- 
logical, and  meteorological  components  will  be  an  active  research 
area.  So  too  will  ocean  fronts  and  their  implications  for  biology, 
chemistry,  and  meteorology.  Fronts  are  distinct  boundaries  be- 
tween water  masses  and  are  nearly  ubiquitous  in  the  coastal  ocean. 
The  mechanisms  that  create  them  offer  their  own  sampling  and 
modeling  difficulties. 

Other  areas  of  research  are  the  global  implications  of  coastal 
nutrient,  carbon,  and  trace  metal  cycles  and  the  study  of  ecosys- 
tem structures,  which  affect  chemical  cycles.  Because  of  the  di- 
versity of  coastal  ocean  regions,  significant  progress  in  understanding 
coastal  processes  may  be  achieved  in  some  areas,  but  it  is  un- 
likely that  results  from  all  coastal  regions  can  be  integrated  within 
the  decade.  Emphasis  on  toxic  algal  blooms,  ecosystem  structure 
changes,  the  invasion  or  dominance  of  nuisance  species,  and  other 
human-induced  biological  effects  may  well  increase. 

In  terms  of  facilities,  it  is  likely  that  the  demand  for  research 
aircraft  will  increase  over  the  decade.   The  deployment  of  moored 
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instrument  systems  will  probably  increase,  especially  with  newly 
developed  sensors,  such  as  complete  meteorological  and  wave 
measurements  and  underwater  sensors  capable  of  measuring  bio- 
logically, chemically,  and  geologically  relevant  variables.  Such 
comprehensive  packages  already  exist  or  are  under  development, 
but  their  use  will  become  more  routine  as  the  decade  progresses. 
The  need  to  study  small-scale  dynamic  features,  such  as  fronts  on 
the  continental  shelf  and  wind-forced  mixing  in  estuaries,  will 
create  a  greater  dernand  for  towed  devices  that  can  sample  rapidly 
and  repeatedly  in  three  dimensions.  These  too  are  becoming  available 
but  will  be  used  more  frequently  in  the  future.  Similarly,  there 
will  probably  be  a  need  for  new  sediment  samplers  that  can  also 
measure  near-bottom  currents  and  sedimentary  conditions.  Ad- 
vances in  remote  sensing  of  coastal  areas  will  benefit  the  field. 

Introduction 

The  coastal  ocean  lies  at  the  junction  between  land  and  the 
open  ocean  and  includes  estuaries  and  embayments.  By  virtue  of 
its  location,  it  is  a  setting  of  unusual  societal  importance.  Most 
of  the  world's  population  centers  are  located  near  the  ocean,  so 
that  pollution,  recreation,  and  shipping  impact  the  coastal  envi- 
ronment and  are  likewise  affected  by  coastal  processes.  As  the 
U.S.  population  continues  to  shift  toward  the  ocean,  these  consid- 
erations will  become  increasingly  important.  Economically,  the 
coastal  ocean  is  also  of  great  importance,  for  example,  in  terms  of 
mineral  (especially  petroleum)  exploitation,  recreation,  and  fish- 
eries. The  conflicts  among  uses  of  the  coastal  region  have  height- 
ened the  public's  awareness  of  the  region — and  of  the  need  to 
study  it  in  detail. 

The  coastal  region  is  defined  here  as  the  portions  of  ocean  and 
atmosphere  extending  seaward  from  the  surf  zone  and  the  heads 
of  tidal  estuaries  and  overlaying  the  continental  shelf,  slope,  and 
rise.  Geologically,  this  region  of  the  continental  margin  forms 
the  transition  between  the  thick  continental  crust  and  the  thin- 
ner oceanic  crust,  both  of  which  float  on  the  underlying  mantle. 
The  continental  shelf  is  essentially  the  submerged  edge  of  the 
continental  crust.  Broadly  speaking,  continental  margins  are  of 
two  types  (Figure  3-3).  Those  on  the  leading  edges  of  crustal  plate 
motions  (often  near  trenches)  tend  to  be  characterized  by  narrow 
shelves,  (e.g.,  the  West  Coast  of  the  United  States).  Margins  on 
the  trailing,  relatively  inactive  edges  of  continents  tend  to  be 
characterized  by  broad,  relatively  flat  shelves  (e.g.,  the  U.S.  East 
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FIGURE  3-3  Typical  profiles  of  two  common  types  of  continental  mar- 
gins. Upper  panel:  A  collision  margin  typical  of  the  Pacific  coast  of 
South  America.  The  presence  of  a  submarine  trench,  a  narrow  continen- 
tal shelf,  and  a  landward  mountain  range  characterize  this  type  of  mar- 
gin. Lower  panel:  A  trailing-edge  margin  typical  of  much  of  the  Atlantic 
Ocean.  The  presence  of  a  continental  rise,  a  broad  continental  shelf,  and 
a  coastal  plain  are  characteristic  of  this  type  of  margin. 


Coast).  The  margins  are  often  greatly  modified  by  erosion  and 
sediment  deposition,  processes  that  tend  to  carve  out  submarine 
canyons  and  fill  in  basins,  respectively. 

The  following  sections  describe  processes  that  make  the  coastal 
ocean  unique  and  discuss  some  scientific  issues  that  will  be  par- 
ticularly important  over  the  coming  decade.  Emphasis  is  on  in- 
terdisciplinary aspects  because  it  is  likely  that  most  important 
scientific  and  societal  problems  cannot  be  tackled  successfully 
without  a  comprehensive  approach.  .  . 
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Processes 

The  lateral  boundaries  and  shelf-slope  topography  that  charac- 
terize continental  margins  substantially  determine  the  nature  of 
coastal  currents.  For  example,  on  a  rotating  planet,  nearly  steady 
currents  are  constrained  from  crossing  isobaths  (lines  of  constant 
depth).  As  a  result,  flow  in  the  coastal  ocean  tends  to  parallel  the 
coast,  and  exchange  between  waters  over  the  continental  shelf 
and  the  adjacent  deep  ocean  is  inhibited.  Thus  in  many  cases, 
distinct  shelf  water  masses  form,  and  the  shelf  represents  a  par- 
tially closed  chemical  and  biological  system.  Fronts  often  mark 
the  boundaries  between  these  coastal  and  oceanic  systems,  and 
these  fronts  have  their  own  important  biological  and  atmospheric 
effects. 

Wind-driven  currents  over  continental  shelves  tend  to  be  par- 
ticularly energetic  because  the  coastline  interrupts  water  trans- 
port in  the  turbulent  layer  in  the  upper  ocean.  This  interruption 
leads  to  a  connection  between  surface  winds  and  currents  deeper  in 
the  water  column.  The  resulting  currents  flowing  alongshore  below 
the  turbulent  surface  layer  dominate  variability  in  most  places  over 
the  continental  shelves.  Wind-driven  currents  are  understood  well 
enough  that  models  are  able  to  predict  the  speed  and  direction  of 
coastal  currents,  as  shown  by  the  close  agreement  between  ob- 
served and  predicted  currents  shown  in  Figure  3-4. 

Of  broader  importance  to  coastal  ecosystems  is  the  related 
onshore-offshore  circulation,  including  the  coastal  upwelling  of 
cold,  nutrient-rich  subsurface  waters.  Their  temperature  leads  to 
the  unusually  cool,  stable  atmospheric  conditions  that  character- 
ize the  U.S.  West  Coast  during  spring  and  summer.  The  upwelled 
nutrients  fuel  marine  plant  growth,  leading  to  high  biomass  throughout 
the  food  web  and  some  of  the  world's  greatest  fisheries,  including 
those  off  the  West  Coast  and  off  the  coast  of  Peru.  Upwelling  can 
also  intensify  the  transfer  of  organic  materials  from  the  surface  to 
the  seafloor  in  such  areas.  For  example,  off  Peru,  as  much  as  one- 
half  of  the  carbon  fixed  by  phytoplankton  production  induced  by 
upwelling  may  be  deposited  on  the  bottom.  Upwelling  in  the 
coastal  ocean  can  also  be  caused  by  factors  other  than  wind.  For 
example,  upwelling  of  nutrient-rich  water  along  the  inshore  edge 
of  the  Gulf  Stream  does  much  to  stimulate  productivity  off  the 
southeastern  coast  of  the  United  States,  as  determined  by  chloro- 
phyll measurements  (Figure  3-5).  Whatever  its  cause,  upwelling 
contributes  to  the  well-known  high  biological  productivity  of  the 
coastal  ocean  (Figure  3-6).    Estuaries  and  coastal  embayments,  on 
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FIGURE  3-4  Observed  {solid  line]  and  modeled  [dashed  line]  alongshore 
currents  from  over  the  continental  shelf  off  Oregon,  summer  1978.  Posi- 
tive velocity  denotes  northward  ilovf.    After  Battisti  and  Hickey  (1984). 


the  other  hand,  owe  their  high  biological  productivity  to  nutrient 
inputs  from  the  land  and  density-driven  internal  circulation  that 
serves  to  retain  and  enhance  the  recycling  of  these  nutrients. 

Sea  ice  is  important  in  controlling  air-sea  fluxes  in  coastal 
regions  when  it  forms  there.  Ice  cover  decreases  heat,  moisture, 
and  gas  fluxes  and  modifies  momentum  fluxes.  During  the  for- 
mation of  ice,  salt  is  excluded,  creating  saltier  adjacent  water. 
These  dense  water  masses  can  sink,  impacting  an  entire  basin 
through  thermohaline  circulation  (see  "Directions  for  Physical 
Oceanography").  Freshwater  generated  by  ice  melting  stabilizes 
the  water  column,  thus  helping  to  prompt  the  spring  phytoplank- 
ton  bloom. 

Tidal  currents  are  sometimes  enhanced  over  the  continental 
shelves  by  physical  resonances  taking  place  in  bays,  such  as  in 
the  well-known  Gulf  of  Maine-Bay  of  Fundy  example.  Strong 
tidal  currents  intensify  near-bottom  mixing  that  can  extend  to 
the  sea  surface  in  shallow  regions  such  as  Georges  Bank.  This 
mixing  and  the  resulting  circulation  enhance  nutrient  availability 
in  the  upper  ocean,  cause  high  primary  productivity,  enrich  fish- 
eries, and  increase  the  transfer  of  organic  material  to  underlying 
sediments.  Energetic  tidal  currents  can  reinforce  the  many  physi- 
cal processes  (including  waves  and  wind-driven  currents)  that  in- 
crease sediment  resuspension  and  transport  as  well  as  the  trans- 
port of  chemicals  that  adhere  to  the  particles. 

Continental  shelves  are  the  transition  zone  between  the  land 
and  the  ocean  and  are  thus  particularly  important  in  processes 
involving  sediment  and  chemical  fluxes.  Freshwater  outflows  propel 
currents  with  distinct  properties.     Sediments  from  the  land  are 
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FIGURE  3-6  World  ocean  primary  production  according  to  Koblents- 
Mishke  and  coworkers  on  an  equal  area  projection.  Productivity  catego- 
ries are,  from  low  to  high,  <36,  36-54,  54-90,  90-180,  >180  gC/m^/yr. 
Note  that  most  of  the  areas  of  high  productivity  are  located  on  the  ocean 
margins.    From  Berger  (1988). 


often  deposited  on  the  continental  shelves,  although  they  are  some- 
times transported  to  the  slopes  and  deep  ocean  later.  Sedimen- 
tary conditions  on  the  shelf  are  far  from  static:  numerous  physical 
and  biological  processes  can  lead  to  reworking  of  the  sediments 
and  to  their  eventual  transport  to  other  locations.  New  evidence 
suggests  that  the  shelf  can  be  a  source  of  particulates  that  accu- 
mulate within  estuaries  together  with  sediments  delivered  to  the 
estuaries  by  rivers  and  shoreline  erosion.  Over  geological  time 
scales,  the  fates  of  sediments  can  vary  widely  with  sea  level;  shelf 
processes  can  differ  markedly,  depending  on  how  much  of  the 
shelf  (or  slope)  is  exposed  above  the  sea  surface.  Coastal  waters 
also  receive  chemicals  and  particulates  weathered  from  continen- 
tal rocks  and  transported  to  the  ocean  by  rivers,  groundwater,  and 
winds.  When  these  chemicals  reach  the  coastal  ocean,  they  are 
transformed  or  removed,  so  that  although  the  properties  of  the 
estuarine  waters  may  differ  from  those  of  the  open  ocean,  shelf 
waters  closely  resemble  open  ocean  water. 
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FIGURE  3-6     Continued 


Physical  processes  on  the  scale  of  millimeters  to  kilometers 
have  a  major  impact  on  the  behavioral  responses,  feeding  rates, 
interactions,  and  distributions  of  plankton,  fish,  and  benthic  in- 
vertebrates in  the  coastal  ocean.  For  example,  coastal  fronts,  is- 
land wakes,  tidal  flows,  and  vertical  circulation  cells  are  only  a 
few  of  the  many  types  of  physical  phenomena  that  can  aggregate 
organisms  or  alter  their  behavior.  Moreover,  turbulence  and  small 
eddies  on  the  scale  of  millimeters  to  meters  partially  determine 
the  encounter  rates  of  herbivores  feeding  on  passive  phytoplank- 
ton  and  bacteria  and  of  predatory  interactions  among  smaller  pe- 
lagic organisms.  An  understanding  of  the  effects  of  water  move- 
ments on  the  behavior  and  distribution  of  organisms  in  the  ocean 
will  be  one  of  the  most  challenging  aspects  of  future  research, 
particularly  in  coastal  areas,  where  both  physical  processes  and 
organisms  are  especially  diverse  and  numerous. 
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Future  Directions 

The  worldwide  coastal  ocean  exhibits  vast  geographical  diver- 
sity, depending  on  the  size  and  openness  of  bays  and  estuaries;  the 
width  of  the  continental  shelf;  the  proximity  of  strong  oceanic 
currents;  the  strength  of  tides,  winds,  river  runoff,  and  surface 
heat  fluxes;  and  other  characteristics.  It  is  clearly  impractical  to 
explore  fully  the  biological,  chemical,  geological,  meteorological, 
and  physical  structure  and  variability  of  every  estuary  or  shelf 
region  of  the  United  States,  let  alone  of  the  world.  One  way  to 
proceed  is  to  identify  the  most  significant  physical-meteorologi- 
cal processes  that  to  some  extent  act  on  all  the  world  shelves  and 
coastal  waters.  Each  physical  process  and  its  effects  on  the  biol- 
ogy, chemistry,  and  geology  of  the  local  area  could  then  be  studied 
in  a  prototypical  environment  (not  limited  to  U.S.  waters)  where 
the  process  tends  to  predominate.  The  results  of  such  interdiscipli- 
nary studies  could  be  used  to  improve  our  modeling  capabilities, 
enhancing  our  ability  to  model  more  typical  shelves  or  estuaries 
where  a  combination  of  processes  interacts.  Although  this  approach 
is  not  a  panacea,  it  can  at  least  define  the  information  needed  to 
gain  a  desired  level  of  understanding  of  a  given  coastal  region.  Within 
this  broad  approach  to  the  coastal  ocean,  a  number  of  important 
themes  will  be  common  to  any  detailed  study  of  processes. 

Air-Sea  Interactions 

The  atmosphere  is  a  major  driving  force  of  coastal  ocean  pro- 
cesses, through  both  its  role  in  driving  currents  and  its  direct  and 
indirect  controls  on  biological  and  chemical  processes.  For  ex- 
ample, wind-driven  coastal  upwelling  can  provide  nutrients  to  the 
euphotic  zone,  leading  to  enhanced  primary  productivity,  and  at- 
mospherically generated  turbulence  can  increase  predator-prey 
encounters  among  plankton  (Rothschild  and  Osborn,  1988).  Each 
of  these  biological  processes  results  in  distinct  chemical  transfor- 
mations as  well. 

Present  knowledge  of  atmospheric  effects  on  the  coastal  ocean 
is  limited  to  the  effects  of  large-scale  (500-kilometer)  atmospheric 
features.  This  knowledge  is  useful  for  predicting  alongshore  cur- 
rents or  estimating  the  transport  of  dust  particles  from  land  to 
ocean  (eolian  deposition).  Smaller  scales  in  the  wind  field  seem 
to  be  more  important  in  determining  cross-shelf  currents;  yet  small- 
scale  coastal  winds  are  poorly  observed  and  understood.  Interac- 
tion of  the  atmosphere  with  the  coastal  ocean  on  these  important 
scales  of  tens  to  hundreds  of  kilometers  is  not  well-understood. 
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Air-sea  fluxes  of  momentum  and  heat,  for  example,  are  not  ad- 
equately characterized  in  present  models,  which  do  not  take  into 
account  small-scale  variability,  directional  offsets  between  the  wind 
and  waves,  limited  fetch,  and  limited  water  depth  (which  charac- 
terize the  coastal  environment;  Geernaert,  1990).  In  addition, 
thermal  fronts,  which  occur  throughout  the  coastal  ocean,  greatly 
perturb  the  atmospheric  layer  directly  above  the  sea  surface  and 
sometimes  perturb  weather  systems.  Further,  the  coastal  topogra- 
phy helps  to  generate  small-scale  disturbances  in  the  surface  winds 
that  can  affect  currents  over  the  shelf.  Air-sea  fluxes  of  particles 
and  chemicals,  known  to  be  important,  must  be  a  significant  part 
of  any  study.  Until  we  can  quantify  the  air-sea  momentum,  heat, 
and  chemical  fluxes  in  this  complex  environment,  we  cannot  un- 
derstand the  coastal  ocean  system  as  a  whole. 

Air-sea  exchange  is  complex,  but  answers  to  the  questions 
must  be  found.  The  atmosphere  is  the  basic  driving  force  of  many 
coastal  ocean  processes.  Ocean  fluxes,  especially  heat  fluxes,  are 
critical  to  properties  of  the  atmosphere.  Air-sea  exchanges  that 
govern  the  effects  of  ocean  and  atmosphere  on  each  other  need  to 
be  quantified. 

Cross-Margin  Transport 

The  interaction  of  currents  with  bottom  topography  tends  to 
isolate  continental  shelves  from  the  rest  of  the  ocean,  although 
the  strength  of  this  isolation  is  significantly  modulated  by  other 
processes.  Even  when  the  isolation  is  especially  strong,  shelf 
waters  resemble  the  open  ocean  more  than  they  resemble  estuar- 
ies. It  is  difficult  to  identify  which  processes  determine  the  cross- 
margin  fluxes  of  water,  particulates,  chemicals,  and  organisms 
within  estuaries,  between  estuaries  and  the  shelf,  on  the  shelf, 
and  at  the  shelf-ocean  boundary.  The  relative  importance  of  such 
factors  as  wind-driven  motions,  frontal  instabilities,  turbulent  bound- 
ary-layer transports,  exchanges  through  submarine  canyons,  and 
the  sinking  of  dense  waters  has  not  been  evaluated.  The  diffi- 
culty is  ultimately  their  episodic  nature  in  terms  of  both  location 
and  time.  Each  has  distinct  effects  on  biological,  chemical,  and 
geological  processes,  so  that  interest  in  them  is  not  limited  to 
physical  oceanographers. 

Information  on  cross-margin  transport  is  critical  to  all  subdis- 
ciplines  of  coastal  ocean  science.  Alongshore  gradients  of  most 
characteristics  tend  to  be  small  relative  to  cross-shelf  gradients, 
and  alongshore  currents  are  relatively  well  understood.  It  is  cross- 
shelf  transport,  or  its  absence,  that  shapes  many  distributions. 
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such  as  those  of  sediments,  that  are  of  scientific  interest.  Estua- 
rine  and  cross-shelf  exchange  is  also  of  interest  from  a  societal 
standpoint,  for  example,  in  determining  the  fate  of  riverine  inputs 
of  excess  nutrients  or  pollutants.  Thus  it  seems  likely  that  estua- 
rine  and  cross-shelf  exchanges  will  be  a  central  focus  of  future 
efforts  in  coastal  ocean  science. 


Carbon  Cycles 

An  important  and  controversial  question  in  oceanography  is, 
What  is  the  role  of  the  coastal  ocean  in  global  cycles  of  carbon, 
oxygen,  nitrogen,  and  other  significant  elements?  The  coastal 
ocean  occupies  approximately  20  percent  of  total  ocean  area,  yet 
accounts  for  approximately  50  percent  of  ocean  primary  produc- 
tion and  approximately  50  percent  of  global  ocean  nitrate  assimi- 
lation by  phytoplankton  (Walsh,  1991).  Describing  the  mecha- 
nisms controlling  cycling  rates  of  essential  elements  bars  taken  on 
new  urgency  because  of  the  recently  recognized  potential  for  hu- 
man alteration  of  global  chemical  cycles.  Biological  processes 
mediate  the  cycling  of  many  elements  and  control  the  fate  of 
numerous  materials  that  enter  the  ocean.  Constructing  accurate 
models  of  biological  controls  and  predicting  their  effect  on  the 
fate  and  transformation  of  dissolved  substances  and  particles  in 
the  ocean  are  severely  limited  by  our  lack  of  understanding  of  the 
structure  and  function  of  marine  ecosystems  and  their  responses 
to  physical  and  chemical  processes.  Elucidating  these  mecha- 
nisms is  critical  to  understanding  the  coastal  ocean  because  of  its 
generally  high  productivity  (and  thus  its  processing  capability),  its 
substantial  biological  variability  in  space  and  time,  and  its  role  as 
a  conduit  between  the  continents  and  the  deep  ocean  basins. 

A  major  uncertainty  in  models  of  global  change,  including 
climate  change,  is  the  role  of  biological  processes  in  mediating 
and  controlling  geochemical  cycling  of  important  elements.  Most 
scientists  agree  that  biological  processes  play  a  key  role  in  the 
ocean  carbon  cycle  and  the  cycle  of  nitrogen,  oxygen,  and  related 
elements.  However,  the  possible  role  of  marine  plants  as  a  sink 
for  carbon  dioxide  from  human  activities  is  highly  controversial, 
and  no  generally  acceptable  model  has  been  proposed  to  explain 
how  the  transfer  of  carbon  from  the  ocean  surface  to  the  seafloor 
(the  biological  pump)  should  be  working  significantly  faster  now 
than  before  the  Industrial  Revolution.  This  is  an  important  issue 
to  be  considered  during  the  next  decade.  Understanding  ocean 
margin  food  webs  is  of  particular  interest  because  they  can  be 
altered  by  eutrophication  and  other  human  activities. 
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In  the  ocean,  the  amount  of  organic  material  transferred  verti- 
cally from  the  surface  to  the  bottom  and  horizontally  from  estuar- 
ies to  shelf  waters  to  the  deep  ocean  is  not  a  simple  linear  func- 
tion of  primary  production;  nor  are  burial  rates  of  organic  matter 
in  ocean  sediments.  The  amount  of  material  transported  depends 
on  the  physical  and  chemical  characteristics  of  the  environment 
(e.g.,  rates  and  mechanisms  of  nutrient  delivery)  and  on  various 
largely  unappreciated  characteristics  of  the  species  composition 
and  structure  of  marine  food  webs  in  the  euphotic  zone,  deeper  in 
the  water  column,  and  in  and  around  the  seafloor.  Some  bio- 
geochemical  cycling  processes  are  summarized  in  Figure  3-7. 

Panicle  Dynamics 

Research  in  several  areas  needs  to  be  initiated  to  improve  our 
basic  understanding  of  particle  dynamics.  Some  of  these  areas 
have  been  mentioned,  for  example,  the  cross-shelf  transport  mecha- 
nisms and  the  use  of  narrow  coastal  margins  with  significant  sediment 
inputs  to  model  transport  conditions  during  past  times  of  lower 
sea  level. 

Among  other  research  possibilities  is  the  need  to  test  the  wide 
range  of  theoretical  models  for  sediment  transport  that  evolved  in 
the  past  two  decades.  For  example,  models  have  been  developed 
to  describe  the  coupling  between  slowly  varying  currents  and  sur- 
face gravity  waves  and  to  predict  resulting  sediment  transport. 


(^  Respiration/Regeneration  J 
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FIGURE  3-7  Schematic  of  some  processes  relevant  to  biogeochemical 
cycling  on  the  inner  continental  margin;  (DOM  =  dissolved  organic  mate- 
rial; DIN  =  dissolved  inorganic  nitrogen;  DON  =  dissolved  organic  nitro- 
gen; POM  =  particulate  organic  material).    From  Mantoura  et  al.  [1991). 
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However,  these  models  have  received  little  or  no  testing  in  the 
laboratory  or  through  field  observations. 

Muddy  sediments  are  geologically  relevant,  and  some  research 
has  been  conducted  on  the  transport  of  low  concentrations  of 
fine-grained  sediments.  Dense  concentrations  [>10  grams  per  li- 
ter (i.e.,  fluid  muds)]  are  also  observed  in  the  marine  environ- 
ment, and  their  transport  is  poorly  understood. 

Carbonate  sediments  are  widespread  at  low  latitudes,  but  the 
effects  of  physical  processes  on  their  dispersal  have  not  been  thor- 
oughly studied.  Differences  in  the  particle  shapes  and  densities 
of  carbonate  sediments  from  more  common  sources  make  it  diffi- 
cult to  extrapolate  existing  theory  of  sediment  transport. 

Theory  regarding  the  formation  of  sediment  layering  within 
the  seabed  and  its  dependence  on  sediment  transport  and  biologi- 
cal activity  has  evolved  rapidly.  Additional  laboratory  and  field 
documentation  is  needed  to  link  formative  mechanisms  and  pre- 
served strata. 

The  overall  importance  of  the  coastal  ocean  extends  far  be- 
yond its  relatively  small  areal  extent.  An  environment  of  remark- 
ably high  biological  productivity,  this  transition  zone  between 
land  and  open  ocean  is  of  considerable  importance  for  recreation, 
waste  disposal,  and  mineral  exploitation.  Such  societal  issues  as 
pollution  (in  its  many  forms),  bioremediation,  waste  disposal,  and 
risk  assessment  cannot  be  addressed  adequately  until  we  make 
substantial  advances  in  our  basic  understanding  of  the  coastal 
ocean.  A  holistic  approach  to  the  coastal  ocean  system,  blending 
marine  meteorology  with  biological,  chemical,  geological,  and  physical 
oceanography,  should  enable  us  to  progress  sufficiently  so  that  we 
will  be  better  prepared  to  make  the  technical  and  policy  decisions 
facing  us  over  the  next  decades.  Four  issues  of  particular  impor- 
tance are  air-sea  interactions,  cross-margin  transport,  carbon  cycles, 
and  particle  dynamics.  A  balanced  program  would  mclude  stud- 
ies focused  on  specific  processes,  long-term  measurements,  mod- 
eling, and  instrumentation  development.  To  take  best  advantage 
of  the  results  of  these  studies,  strong  working  relationships  with 
the  applied  science  communities  need  to  be  forged. 

Coastal  measurements  will  be  an  important  part  of  a  global 
ocean  observing  system  because  it  is  at  the  coasts  that  most  countries, 
particularly  developing  nations,  will  make  most  of  their  measure- 
ments. Therefore,  it  is  essential  that  the  design  of  a  COOS  in- 
clude coastal  measurements  as  a  critical  element  of  the  system. 
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HUMAN  RESOURCES 

Public  and  private  institutions  have  developed  an  excellent 
graduate  education  system,  yielding  graduates  employed  in  academia, 
government,  and  the  private  sector  in  the  United  States  and  abroad. 
The  boundaries  of  oceanography  are  not  well  defined,  and  the 
field  is  characterized  by  many  entry  points  from  associated  fields 
at  various  educational  levels.  Because  of  the  diversity  within  the 
field  and  its  relative  youth  as  a  separate  science,  a  research  ocean- 
ographer  cannot  simply  be  defined  as  one  who  holds  a  doctor's 
degree  in  ocean  science.  Many  senior  faculty  in  oceanography 
departments  and  institutions  earned  degrees  in  fields  other  than 
oceanography,  and  many  scientists  continue  to  enter  ocean  sci- 
ence from  other  fields.  Nor  can  oceanographers  be  defined  as 
those  who  perform  basic  research  that  is  funded  by  the  Division 
of  Ocean  Sciences  of  the  National  Science  Foundation  (NSF)  or  by 
the  Office  of  Naval  Research  (ONR).  Either  definition  misses 
many  scientists  whose  primary  activity  is  teaching,  whose  re- 
search is  funded  from  other  sources,  or  who  are  employed  by  fed- 
eral agencies. 

Ocean  science  will  be  characterized  in  the  coming  decade  by  a 
mixture  of  large  multiple-investigator  programs  and  individual  in- 
vestigations.   The  research  will  be  only  as  good  as  the  scientific 
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talent  that  can  be  applied  to  the  questions  posed.  Concern  has 
developed  regarding  the  potential  shortage  of  Ph.D.s  in  science 
and  engineering  in  the  1990s  and  beyond  in  terms  of  both  number 
and  quality.  The  oceanographic  community  has,  however,  ques- 
tioned this  assertion  of  a  lack  of  qualified  doctorates.  This  sec- 
tion discusses  the  demographics  of  oceanography  and  relates  its 
characteristics  to  research  needs. 

In  examining  ocean  science,  the  board  asked  eight  specific 
questions: 

•  How  many  Ph.D. -level  oceanographers  are  there,  and  at  what 
rate  has  the  number  of  Ph.D. -level  ocean  scientists  changed  over 
time? 

•  How  many  ocean  science  doctorates  are  produced  annually? 

•  What  is  the  present  age  profile  of  oceanographers  in  academia 
and  the  federal  government,  and  has  it  changed  over  time? 

•  Has  the  field  matured  in  terms  of  becoming  a  separate  disci- 
pline? 

•  How  has  the  percentage  of  women,  minorities,  and  foreign 
nationals  in  the  field  changed  over  time? 

•  Has  the  field  changed  in  terms  of  academic  emphasis  among 
the  major  subdisciplines  [physical  oceanography  (P.O.),  chemical 
oceanography  (CO)  and  marine  chemistry  (M.C.),  marine  geology 
and  geophysics  (MG  and  G),  biological  oceanography  (B.O.)  and 
marine  biology  (M.B.),  and  ocean  engineering  (O.E.)]? 

•  Has  the  l3alance  of  the  field  changed  in  terms  of  the  relative 
size  and  importance  of  the  major  oceanographic  institutions? 

•  How  are  research  oceanographers  supported?  What  is  the 
ratio  of  institutional  to  federal  salary  support  for  the  oceanogra- 
phy community  as  a  whole? 

Data  Sources 

Information  was  collected  from  a  variety  of  sources.  Data  on 
the  demographics  of  oceanography  was  obtained  from  biennial  re- 
ports (1973  to  1989)  issued  by  NSF,  called  Characteristics  of  Doc- 
toral Scientists  and  Engineers  in  the  United  States  (NSF,  1975; 
1977;  1979;  1981;  1983;  1985;  1987;  1989;  1991).  In  addition,  the 
Ocean  Studies  Board  surveyed  the  major  ocean  science  institu- 
tions and  federal  agencies  (Appendixes  IV  and  V).  These  two 
sources  form  the  basis  for  much  of  the  information  presented. 
Additional  information  on  faculty  ages  and  number  of  Ph.D.s  gradu- 
ating was  obtained  from  Joint  Oceanographic  Institutions,  Inc. 
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(JOI).  Data  on  ocean  sciences  grant  recipient  characteristics  were 
obtained  from  NSF,  and  projected  demands  for  Ph.D-level  researchers 
were  obtained  from  four  major  oceanographic  research  programs. 

Results 

National  Science  Foundation  Surveys 

Since  1973,  NSF  (through  the  NRC)  has  collected  information 
on  the  employment  and  demographic  characteristics  of  scientists 
and  :2ngineers  with  doctoral  degrees  in  the  United  States.  The 
NSF  survey  constituted  a  sample  of  the  Ph.D.  population,  from 
which  total  population  values  were  estimated.  These  estimates 
have  substantial  associated  standard  errors,  so  that  statistical  com- 
parisons were  not  carried  out.  The  number  of  oceanographers  in 
all  sectors  of  employment  increased  from  1,130  in  1973  to  2,460 
in  1989  (Figure  4-1).  From  1973  to  1981,  the  average  annual  rate 
of  increase  for  academic  oceanography  was  4.7  percent;  from  1981 
to  1989,  4.0  percent.    Oceanographers  who  consider  teaching  as 
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FIGURE  4-1     Change  in  number  of  Ph.D.s  employed  in  oceanography 
over  time  (NSF  data). 


462 


124 


OCEANOGRAPHY  IN  THE  NEXT  DECADE 


Teaching  Q  Basic  Research 


Other 


FIGURE  4-2    Primary  work  activity  for  Ph.D.s  employed  in  oceanogra- 
phy (NSF  data). 


their  primary  work  activity  decreased  from  21  percem  in  1973  to 
11  percent  in  1989;  the  portion  of  oceanographers  who  consider 
basic  research  as  their  primary  work  activity  fluctuated  around  40 
percent  (Figure  4-2).  Percentages  in  all  employment  sectors  show 
no  discernible  trends  over  time  (Figure  4-3).  In  1989,  most  Ph.D.- 
level  oceanographers — about  60  percent — were  employed  at  edu- 
cational institutions,  including  secondary  schools,  junior  colleges, 
and  four-year  colleges.  The  federal  government  employed  approxi- 
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FIGURE  4-3     Employment  sectors  for  Ph.D.s  employed  in  oceanography 
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mately  20  percent  of  the  nation's  oceanographers;  industry,  about 
10  percent;  nonprofit  organizations,  7  percent;  and  state  govern- 
ments, 4  percent.  These  percentages  remained  relatively  stable 
over  time. 

The  "maturity"  of  a  discipline  is  the  degree  to  which  it  is  self- 
perpetuating  and  separate  from  other  fields.  Estimating  the  abso- 
lute maturity  of  a  discipline  is  difficult,  but  examining  changes  in 
a  number  of  indicators  over  time  can  show  whether  a  field  is 
advancing  or  declining.  Two  such  indicators  are  the  number  of 
post-doctoral  fellowships  awarded  and  the  ratio  of  faculty  posi- 
tions that  are  in  the  form  of  full  professorships  versus  assistant 
professors.  According  to  NSF  data,  the  number  of  postdoctoral 
positions  has  increased,  from  an  estimated  20  in  1973  to  84  in 
1989  (Figure  4-4). 

For  new  fields  the  ratio  of  full  to  assistant  professors  tends  to 
increase  over  time  because  of  the  time  required  for  faculty  promo- 
tion and  tenure,  and  the  time  universities  need  to  establish  ten- 
ured positions.  For  all  science  and  engineering  fields,  the  ratio 
has  increased  steadily  over  time,  from  1.6  in  1973  to  2.4  in  1989 
(Figure  4-5).  The  ratio  for  oceanography  increased  from  1.0  to  3.5 
in  the  same  period  (Figure  4-5).  The  leap  in  the  ratio  in  1989  was 
due  to  a  substantial  increase  in  the  number  of  full  professors  and 
a  decrease  in  the  number  of  assistant  professors.     The  full  to 
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FIGURE  4-4     Postdoctoral  fellows  in  oceanography  (NSF  data). 
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FIGURE  4-5     Ratio  of  full  to  assistant  professors  (NSF  data). 

assistant  professor  ratio  is  even  lower  for  women,  reflecting  their 
relatively  recent  entrance  into  the  field. 

The  proportion  of  the  field  made  up  of  women  increased  from 
about  3  percent  in  1973  to  11  percent  in  1989  (Figure  4-6A).  Mi- 
norities and  foreign  nationals  practicing  oceanography  in  the  United 
States  showed  no  significant  trend  from  1973  to  1989  (Figures  4- 
6B  and  C). 

NSF  data  show  that  from  1973  to  1989,  the  median  age  of 
Ph.D.  oceanographers  shifted  from  the  35-  to  39-year-old  bracket 
to  the  40-  to  44-year-old  bracket. 


Ocean  Studies  Board  Survey 

Information  on  the  potential  supply  of  and  demand  for  ocean- 
ographers is  limited.  Several  attempts  have  been  made  to  charac- 
terize the  field  over  the  past  20  years  (NRC,  1970,  1972,  1981). 


FIGURE  4-6  (See  opposite  page.)  (A)  Gender  of  employed  oceanographers 
(NSF  data).  (B)  Race  of  employed  oceanographers  (NSF  data).  (C)  National- 
ity of  employed  oceanographers  (NSF  data). 
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For  this  study,  the  Ocean  Studies  Board  (OSB)  sent  questionnaires 
to  52  oceanographic  institutions,  research  laboratories,  and  aca- 
demic members  of  the  Council  on  Ocean  Affairs,  and  to  8  federal 
agencies  to  assess  the  supply  and  demand  within  the  academic 
and  federal  sectors.  Responses  were  received  from  40  academic 
institutions,  including  all  the  large  academic  programs  and  re- 
search institutions,  and  from  7  federal  agencies  (Appendixes  VI 
and  VII).  Of  the  40  institutions  employing  oceanographers  in 
1990,  only  29  had  employed  oceanographers  in  1970. 

Replies  to  the  OSB  questionnaire  indicated  that  the  number  of 
academic  oceanographers  increased  from  540  in  1970  to  1,674  in 
1990  (Figure  4-7).  These  include  both  teaching  faculty  and  re- 
search faculty.  It  should  be  noted  that  some  of  the  growth  in  the 
1980-1990  period  for  academic  oceanographers  was  due  to  the 
inclusion  of  378  faculty  members  from  two  newly  created  units, 
at  the  University  of  Hawaii  (UH)  and  the  University  of  Washing- 
ton (UW),  that  had  not  been  included  in  the  totals  before  1990. 
At  the  same  time,  the  number  of  Ph.D.  oceanographers  in  federal 
agencies  rose  from  148  to  516.  The  annual  rates  of  increase  (per- 
cent) were 
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FIGURE  4-7     Ph.D. -level  federal  and  academic  oceanographers  (OSB  sur- 
vey). 
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FIGURE  4-8    Age  distribution  of  Ph.D. -level  oceanographers  in  ocean- 
graphic  institutions  and  universities  (OSB  survey). 


Figures  4-8  and  4-9  show  that  for  universities  and  government 
laboratories,  respectively,  the  largest  number  of  oceanographers  in 
any  age  range  falls  m  the  40-  to  50-year-old  category.  The  marked 
peak  in  the  age  distribution  of  federally  employed  oceanographers 
could  reflect  the  establishment  and  expansion  of  federal  oceanog- 
raphy programs  in  the  1970s. 

The  ratio  of  full  to  assistant  professors  in  ocean  sciences  over 
the  past  20  years  has  increased  from  1.0  to  1.6  (Table  4-1).  During 
roughly  the  same  period,  NSF  data  show  an  increase  from  1.0  to 
3.5.  This  reason  for  this  discrepancy  in  unknown,  although  the 
large  standard  error  in  the  NSF  data  makes  comparisons  difficult. 
Figure  4-10  shows  the  increase  in  Ph.D. -level  staff  by  rank.  The 
number  of  postdoctoral  positions  increased  from  11  in  1970  to 
111  in  1990,  according  to  OSB  data,  compared  with  an  increase 
from  20  in  1973  to  .84  in  1989,  according  to  NSF  data. 

Figure  4-11  shows  changes  in  the  number  of  Ph.D. -level  ocean- 
ographers by  discipline  over  time,  as  determined  by  the  OSB  sur- 
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FIGURE  4-9  Age  distribution  of  Ph.D. -level  oceanographers  employed 
by  government  agencies  (OSB  survey). 

vey.  The  category  that  includes  biological  oceanography  and  ma- 
rine biology  continues  to  dominate  numerically,  reflecting  the 
number  of  relatively  small  marine  laboratories  that  focus  on  bio- 
logical research.  Except  for  a  marked  increase  in  ocean  engineer- 
ing, the  relative  ratios  among  the  academic  subdisciplines  have 
not  changed  substantially  over  the  past  20  years  (Table  4-2).    For 


TABLE  4-1  Ratio  of  Full  Professors  to 
Assistant  Professors  in  Oceanography, 
1970-1990  (OSB  survey) 


Year 

1970 
1975 
1980 
1985 
1990 


Ratio 

1.0 
1.2 
1.2 
1.6 
1.6 
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FIGURE  4-10    Rank  of  Ph.D. -level  staff  in  academic  institutions  (OSB 
survey). 
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FIGURE  4-11    Change  in  number  of  Ph.D. -level  oceanographers  over  time 
(OSB  survey). 
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federally  employed  oceanographers,  the  percentage  of  biologists 
has  declined  markedly,  and  the  percentages  of  specialists  in  physi- 
cal oceanography  and  marine  geology  and  geophysics  have  increased 
(Table  4-2).  The  percentage  of  biologists  in  the  federal  govern- 
ment is  considerably  higher  than  in  academia. 

NSF,  ONR,  and  fOI  Institutional  Data 

The  }OI  members  are  10  of  the  country's  largest  oceanographic 
institutions.  In  the  most  recent  year  for  which  data  are  available 
(fiscal  year  1991),  the  JOI  schools  received  45  percent  of  the  NSF 
Ocean  Science  Research  Section  funding  and  42  percent  of  ONR 
funding  (SE31  and  SE32). 

Figure  4-12  shows  the  percentage  of  faculty  at  JOI  member 
institutions  related  to  the  total  number  of  oceanography  faculty, 
excluding  data  for  the  University  of  Washington  and  the  Univer- 
sity of  Hawaii.  In  general,  the  percentage  of  the  total  oceanogra- 
phy faculty  located  in  JOI  institutions  has  not  changed  over  time, 
although  the  percentage  of  marine  engineers  at  JOI  institutions 
may  have  increased,  and  biologists  and  chemists  may  have  de- 
creased (Figure  4-12).  .The  JOI  institutions,  where  the  large  ships 
are  concentrated,  still  tend  to  dominate  the  field  in  the  disci- 
plines that  require  large  ships,  such  as  marine  geology  and  geo- 
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FIGURE  4-12     Percentage  of  oceanography  staff  at  JOI  institutions  (OSB 
survey). 
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FIGURE  4-13    Percentage  of  oceanography  staff  at  Scripps  Institution  of 
Oceanography  and  Woods  Hole  Oceanographic  Institution  (OSB  survey). 


physics  and  physical  oceanography.  This  statement  is  less  true 
for  the  biological  sciences.  If  the  same  comparison  is  made  for 
just  Scripps  Institution  of  Oceanography  (SIO)  and  Woods  Hole 
Oceanographic  Institution  (WHOI),  the  two  largest  oceanographic 
institutions,  their  combined  dominance  in  terms  of  percentage  of 
faculty  has  decreased  steadily  over  the  past  20  years  (Figure  4-13), 
except  in  marine  engineering.  So  although  the  percentage  of  total 
oceanography  faculty  at  the  two  largest  oceanographic  institu- 
tions has  decreased  over  the  past  two  decades,  the  percentage  of 
total  oceanography  faculty  at  the  ten  largest  has  remained  about 
the  same. 

}OI  provided  information  on  its  institutions'  students,  gradu- 
ates, and  faculty.  The  number  of  ocean  science  doctorates  awarded 
annually  at  JOI  institutions  increased  from  90  in  1970  to  126  in 
1991  (Figure  4-14).  The  major  change  is  the  large  increase  in  the 
number  of  women  earning  doctorates  in  the  ocean  sciences,  up 
from  10  percent  in  1980  to  almost  30  percent  in  1991.  The  num- 
ber of  foreign  students  earning  doctorates  is  also  about  30  per- 
cent; 2.5  percent  of  JOI  students  are  underrepresented  minorities. 

The  median  age  of  oceanographers  who  received  NSF  grants 
increased  from  40  in  1977  to  45  in  1990.  The  median  age  of  JOI 
faculty  was  44  years  in  1990  (Figure  4-15). 
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FIGURE  4-14    Number  of  Ph.D.s  awarded  annually  at  JOI  institutions. 
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Demand  from  the  Major  Programs 

The  extra  demand  required  for  the  major  ocean  science  initia- 
tives planned  for  the  1990s  is  difficult  to  estimate.  It  is  possible 
to  estimate  how  many  ocean  scientists  the  major  programs  will 
require  if  the  programs  are  funded  at  the  projected  levels,  but  the 
number  of  participants  who  are  already  in  the  field  is  an  un- 
known. Because  oceanography  continues  to  attract  scientists  from 
physics,  chemistry,  biology,  and  geology,  entry  points  into  the 
field  vary  from  the  undergraduate  to  the  postdoctoral  level.  Thus 
demand  can  often  be  met  from  associated  fields.  Nonetheless,  it 
is  of  interest  to  estimate  the  impacts  of  four  major  oceanographic 
initiatives  on  human  resources.  The  requirements  of  the  pro- 
grams were  estimated  by  the  individual  program  offices  and  repre- 
sent a  maximum  level  under  a  scenario  of  full  funding  and  the 
assumption  that  the  programs  retain  their  original  scopes  and  time- 
tables. 

The  U.S.  office  for  the  World  Ocean  Circulation  Experiment 
(WOCE)  has  estimated  the  work  force  that  will  be  required  to 
carry  out  its  planned  experiments  for  1990-2000  (Table  4-3).  The 
figures  were  extrapolated  from  NSF-funded  project  proposals.  The 
total  principal  investigator  (PI)  and  postdoctoral  fellow  labor-months 
estimated  for  the  U.S.  part  of  WOCE  is  8,189,  of  a  total  of  28,507 
(30  percent).  The  U.S.  office  for  the  Joint  Global  Ocean  Flux 
Study  (JGOFS)  estimated  a  requirement  of  14,000  labor-months 
for  all  categories  from  1990  to  2000.   If  it  is  assumed  that  roughly 


TABLE  4-3     Estimated  Demand  for  Ph.D.s  for  Major 
Ocean  Science  Research  Programs  (1990-2000) 

Person-Years^ 


All  Ph.D. -Level  Postdoctoral 

Program  Oceanographers  Oceanographers 

320 
160 
40 
.440 
960 

''Assumes  6  person-months  per  year  for  10  years. 

^Assumes  that  JGOFS  and  RIDGE  have  the  same  ratio  of  PI  and 

postdoctoral  labor-months:total  man-months  (30%)  as  WOCE. 


WOCE 

1,000 

JGOFS^ 
RIDGE^ 

720 
200 

GLOBEC 

1,100 

Total 

3,020 
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the  same  percentage  of  the  total  labor-months  for  WOCE  scien- 
tists and  postdocs  should  be  valid  for  JGOFS,  then  JGOFS  will 
require  an  estimated  4,300  labor-months  (0.3  x  14,400)  in  this 
decade.  The  Ridge  Inter-Disciplinary  Global  Experiment  (RIDGE) 
office  estimates  it  needs  4,000  labor-months  over  the  1990-2000 
decade,  and  the  Global  Ocean  Ecosystems  Dynamics  (GLOBEC) 
program  has  estimated  6,600  labor-months  at  the  PI  and  postdoctoral 
levels.  If  6  labor-months  per  labor-year  are  assumed,  equal  annual 
effort  over  the  decade,  and  full  program  funding  are  assumed, 
approximately  300  Ph.D.s  will  be  required  to  carry  out  WOCE, 
JGOFS,  GLOBEC,  and  RIDGE.  Of  these,  100  will  be  at  the  postdoctoral 
level.  If  only  50  percent  of  the  average  oceanographer's  labor- 
months  are  available  for  research,  about  22  percent  of  the  1990 
academic  oceanographer  pool  would  be  needed  for  these  four  pro- 
grams, if  they  are  fully  funded. 

Answering  Specific  Questions 

How  many  Ph.D. -level  oceanogiaphers  are  there  and  at  what 
rate  has  the  number  of  Ph.D. -level  ocean  scientists  changed  over 
timel  According  to  the  OSB  survey,  there  were  1,674  academic 
oceanographers  and  516  federal  oceanographers  in  1990.  The  NSF 
survey  (1989)  estimated  1,354  academic  oceanographers,  453  fed- 
erally employed  oceanographers,  and  653  Ph.D. -level  oceanogra- 
phers in  other  sectors. 

The  growth  rate  in  the  number  of  Ph.D. -level  oceanographers 
slowed  from  the  1970s  to  the  1980s.  Average  annual  growth  rates 
for  the  pool  of  academic  oceanographers  decreased  from  4.7  to  4.0 
percent  according  to  NSF  surveys,  and  from  6.4  to  2.6  percent 
according  to  the  OSB  survey.  The  slowing  of  growth  was  even 
more  evident  for  the  federal  government. 

How  many  ocean  science  doctorates  are  produced  annually^ 
The  JOI  data  show  that  approximately  126  oceanography  Ph.D.s 
were  awarded  from  JOI  institutions  in  1991,  which  is  the  largest 
number  in  any  year  for  which  data  are  available. 

What  is  the  present  age  profile  of  oceanographers  in  academia 
and  the  federal  government,  and  has  it  changed  over  timel  The 
OSB  survey  measured  a  median  age  in  the  40-  to  50-year-old  bracket 
for  both  academic  and  federally  employed  oceanographers.  The 
JOI  faculty  age  distribution  shows  a  median  of  approximately  44 
years.  The  median  age  of  the  field  has  increased  over  the  past  20 
years  from  the  35-  to  39-year-old  bracket  to  the  40-  to  44-year-old 
bracket,  according  to  the  NSF  survey.  In  addition,  the  median  age 
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of  NSF  Ocean  Sciences  Division  grantees  increased  from  40  years 
in  1977  to  45  years  in  1990. 

Has  the  field  matured  in  terms  of  becoming  a  separate  disci- 
plinel  Over  the  past  20  years,  the  field  has  matured  according  to 
several  measures.  The  expansion  of  postdoctoral  positions  shown 
by  both  the  NSF  and  the  OSB  surveys,  and  the  increase  in  the 
ratio  of  full  to  assistant  professors  are  both  indicators  of  the  field's 
maturing.  The  significance  of  changes  in  the  faculty  ratio  is  un- 
certain, however,  because  the  ratio  for  the  combined  science  and 
engineering  fields  has  also  increased,  and  the  1989  jump  in  ratios 
for  oceanographers  is  difficult  to  explain.  The  lag  of  female  fac- 
ulty behind  the  rest  of  the  field  may  be  because  of  the  relatively 
recent  entry  of  women  into  the  field. 

Has  the  participation  of  women,  minorities,  and  foreign  na- 
tionals changed  over  time!  The  percentage  of  women  in  the  field 
of  oceanography  increased  from  4  to  11  percent  from  1973  to  1989, 
according  to  the  NSF  survey.  At  present,  30  percent  of  students  at 
JOI  institutions  are  women.  The  percentage  of  underrepresented 
minorities  is  low  in  both  the  population  of  employed  oceanogra- 
phers {7.7  percent)  and  the  JOI  student  population  (2.5  percent). 
The  percentage  of  oceanographers  working  in  the  United  States  who 
are  foreign  nationals  did  not  change  dramatically  from  1973  to  1989. 

Has  the  field  changed  in  terms  of  emphasis  among  the  differ- 
ing major  suh disciplines  (physical  oceanography,  chemical  ocean- 
ography, marine  geology  and  geophysics,  biological  oceanography 
and  marine  biology,  and  ocean  engineering) I  The  relative  bal- 
ance of  the  number  of  scientists  in  the  academic  disciplines  has 
changed  little  in  the  past  20  years.  For  federally  employed  scien- 
tists, fewer  are  biologists  and  more  are  specialists  in  physical  ocean- 
ography and  marine  geology  and  geophysics  now  than  in  1970. 

Has  the  balance  of  the  field  changed  in  terms  of  the  relative 
size  and  importance  of  the  major  oceanographic  institutions^  This 
analysis  documents  the  fact  that  some  decentralization  of  the  field 
has  occurred  over  the  past  20  years  in  terms  of  where  Ph.D-level 
scientists  are  employed.  During  and  after  World  War  II,  Navy  and 
NSF  support  led  to  the  expansion  of  JOI  institutions.  In  1970,  the 
faculty  at  SIO  and  WHOI  constituted  approximately  40  percent  of 
the  field.  By  1990,  the  faculty  at  these  two  institutions  com- 
prised only  about  25  percent  of  the  total.  The  distribution  of 
scientists  at  JOI  institutions  differed  by  subdiscipline,  correlating 
with  sciences  that  tend  to  require  large  ships,  such  as  physical 
oceanography  and  marine  geology  and  geophysics.  In  terms  of 
financial  support  from  NSF,  JOI  institutions  received  a  relatively 
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TABLE  4-4     Support  of  Ocean  Science  Faculty  at  Academic 
Institutions 


Number  of  Months 

of  Institutional  Support 

Faculty  Position 

JOI  Schools 

Non-JOI  Schools 

Full  professpr/scientist 

7.3  ±  1.0 
(n  =  8) 

8.5  +  0.5 
(n  =  23) 

Associate  professor/scientist 

5.5  ±0.9 
(B  =  8) 

7.8  ±  0.6 

(n  =  23) 

Assistant  professor/scientist 

4.9  ±  1.1 

ln  =  8) 

7.7  10.6 
(n  =  28) 

NOTE:  n  =  the  number  of  institutions  responding.   It  is  assumed  that  each  insti- 
tutional response  is  the  average  of  that  institution's  professionals. 


constant  45  percent  of  NSF  ocean  science  research  funding  be- 
tween 1984  and  1989.  JOI  institutions  received  about  40  percent 
of  ONR  funding  {SE31  and  SE32). 

How  are  research  oceanographers  supported!  What  is  the  ra- 
tio of  institutional  to  federal  salary  support  for  the  oceanography 
community  as  a  wholel  Oceanographers'  salaries  come  primarily 
from  grants  and  contracts.  Academics  from  JOI  institutions  must 
raise  a  significantly  greater  proportion  of  their  funding  from  ex- 
ternal sources  than  other  academics.  The  OSB  survey  shows  that 
most  of  the  oceanographic  community,  especially  JOI  schools,  de- 
pends on  noninstitutional  research  support  (Table  4-4). 

PHYSICAL  RESOURCES 

The  wide  variety  of  facilities  used  in  institutions  and  consortia 
for  ocean  science — ships,  submersibles,  satellites,  special  platforms, 
and  laboratories — depends  on  continual  renewal  to  meet  present 
and  future  needs.  Global  change  research  has  given  new  impetus 
to  satellite  data  systems  and  large-scale  at-sea  programs.  Although 
oceanographers  learned  to  use  satellite  data  in  the  past  decade, 
incorporating  the  increasing  stream  of  data  from  new  satellites 
and  platforms  will  be  a  technological  and  managerial  challenge. 

Oceanographic  Institutions 

From  its  beginning,  a  mix  of  government,  university,  and  pri- 
vate laboratories  has  conducted  oceanographic  research.   The  his- 
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tory  of  our  ocean  science  institutions  is  characterized  by  three 
phases.  Civilian  marine  science  began  in  the  late  1800s  with  the 
establishment  of  several  marine  biological  laboratories  concerned 
principally  with  coastal  problems.  The  California  Academy  of 
Sciences  (1853),  the  U.S.  Fish  and  Wildlife  Biological  Laboratory 
at  Woods  Hole  (1885),  Hopkins  Marine  Station  of  Stanford  Uni- 
versity (1892),  and  the  Hydrobiological  Laboratory  of  the  Univer- 
sity of  Wisconsin  (1896)  were  notable  among  the  early  laborato- 
ries. 

Between  the  turn  of  the  century  and  the  end  of  World  War  II, 
both  the  number  of  ocean  science  laboratories  and  the  disciplin- 
ary range  of  their  activities  grew.  During  this  period,  Scripps 
Institution  of  Oceanography  (1903),  Friday  Harbor  Laboratories  of 
the  University  of  Washington  (1904),  Woods  Hole  Oceanographic 
Institution  (1930),  Narragansett  Laboratory  of  the  University  of 
Rhode  Island  (1930),  Bingham  Oceanographic  Foundation  of  the 
University  of  Southern  California  (1940),  the  Virginia  Institute  of 
Marine  Science  (1941),  and  the  University  of  Miami  Marine  Labo- 
ratory (1943)  were  established.  Several  of  these  laboratories  con- 
tinued the  thrust  of  activity  in  coastal  marine  biology,  and  many 
expanded  into  physical,  chemical,  and  geological  oceanography 
and  increasingly  carried  out  research  in  the  open  ocean. 

World  War  II  was  a  major  turning  point  in  oceanography.  Re- 
search on  ocean  processes  begun  during  the  war  continued  after- 
wards as  basic  research  programs  supported  by  the  newly  created 
Office  of  Naval  Research.  Additional  ships  were  added  to  the 
oceanographic  fleet,  and  support  for  both  research  and  ship  opera- 
tions was  readily  available.  Under  the  Navy's  leadership  during 
the  postwar  period,  growth  in  the  number  of  ocean  institutions 
and  their  scope  of  research  accelerated.  Thus  from  the  late  1940s 
to  the  early  1950s,  several  laboratories,  most  of  which  would  eventually 
engage  in  deep-ocean  research,  were  established  or  expanded.  Among 
the  new  institutions  were  the  Chesapeake  Bay  Institution  of  the 
Johns  Hopkins  University  (1948),  Florida  State  University  Oceano- 
graphic Institute  (1949),  the  Department  of  Oceanography  of  Texas 
A8kM.  University  (1949),  the  University  of  Delaware  Marine  Labo- 
ratories (1951),  the  Department  of  Oceanography  of  the  Univer- 
sity of  Washington  (1951);  the  Department  of  Oceanography  of 
Oregon  State  University  (1958),  and  the  University  of  Hawaii  In- 
stitute of  Geophysics  (1959). 

In  the  early  years  of  marine  science,  there  were  no  formal 
mechanisms  for  coordinating  institutions'  activities.  The  Joint 
Oceanographic  Institutions  for  Deep  Earth  Sampling  (JOIDES),  an 
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international  advisory  committee,  was  established  in  the  late  1960s 
to  provide  formal  advice  to  the  Deep  Sea  Drilling  Project  (DSDP). 
JOIDES  was  a  major  initiative  by  the  oceanographic  community 
to  develop  a  mechanism  for  international  cooperative  activities. 
Evolving  from  JOIDES  was  JOI,  a  formal  not-for-profit  corpora- 
tion. JOI  consists  of  10  U.S.  ocean  science  institutions  that  oper- 
ate many  of  the  large  ships  in  the  oceanographic  fleet,  employ  a 
majority  of  U.S.  academic  ocean  scientists,  and  receive  a  majority 
of  the  research  funding.    The  JOI  institutions  are 

Scripps  Institution  of  Oceanography,  University  of  California 
Lamont-Doherty  Geological  Observatory,  Columbia  University 
School  of  Ocean  and  Earth  Science  and  Technology,  Univer- 
sity of  Hawaii 
Rosenstiel  School  of  Marine  and  Atmospheric  Sciences,  Uni- 
versity of  Miami 
College  of  Oceanography,  Oregon  State  University 
Graduate  School  of  Oceanography,  University  of  Rhode  Island 
College  of  Geosciences  and  Maritime  Studies,  Texas  A&.M 

University 
Institute  for  Geophysics,  University  of  Texas 
College  of  Ocean  and  Fisheries  Sciences,  University  of  Wash- 
ington 
Woods  Hole  Oceanographic  Institution 

With  the  exception  of  Woods  Hole,  which  has  a  joint  education 
program  with  the  Massachusetts  Institution  of  Technology  (MIT), 
each  oceanographic  program  is  an  integral  part  of  a  major  univer- 
sity. 

Another  cooperative  organization  of  oceanographic  institutions 
is  the  University-National  Oceanographic  Laboratory  System  (UNOLS), 
an  association  of  ship  operators  and  ship  users  that  is  discussed  in 
more  detail  below.  Because  UNOLS  provides  access  to  facilities 
for  scientists  at  institutions  without  ships,  an  increased  number 
of  universities  can  be  involved  in  open  ocean  research.  These 
universities  may  not  have  interests  in  all  facets  of  oceanography, 
but  they  have  significant  strengths  in  certain  areas.  Examples  of 
such  universities  are  the  Santa  Cruz  and  Santa  Barbara  campuses 
of  the  University  of  California,  Northwestern  University,  Massa- 
chusetts Institute  of  Technology,  and  Princeton  University. 

The  institutions  developed  within  and  outside  the  government 
for  the  pursuit  of  an  understanding  of  the  ocean  are  diverse,  much 
more  so  than  in  most  other  scientific  fields.  Oceanography  is 
conducted  by  individuals  working  as  faculty  members  in  conven- 
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tional  academic  Earth  sciences  departments  supported  by  state 
and  private  endowment  funds  (e.g.,  MIT,  Florida  State  University, 
the  University  of  Michigan)  in  large  research  institutions  oper- 
ated by  universities,  but  on  a  scale  not  common  to  academic  in- 
stitutions (e.g.,  Scripps  Institution  of  Oceanography,  Lamont-Doherty 
Geological  Observatory),  in  independent,  private  nonuniversity 
organizations  (e.g..  Woods  Hole  Oceanographic  Institution,  Boothbay 
Harbor  Laboratories,  Monterey  Bay  Aquarium  Research  Institute); 
in  government  laboratories  resembling  the  private  laboratories  in 
many  ways  (the  National  Oceanic  and  Atmospheric  Administra- 
tion Atlantic  Oceanographic  and  Meteorological  Laboratories  and 
Pacific  Marine  Environmental  Laboratories);  and  in  Navy  labora- 
tories charged  with  specific  military  responsibilities. 

This  diversity  is  both  a  potential  weakness  and  a  strength. 
Oceanographers  are  generally  more  dependent  on  grant  money  than 
are  scientists  in  other  disciplines  who  receive  a  higher  percentage 
of  support  from  their  universities.  On  one  hand,  this  situation 
renders  ocean  science  more  vulnerable  to  government  budget  fluc- 
tuations. However,  the  institutions  are  adaptable  to  changes  in 
the  conduct  of  ocean  science.  Some  institutions  are  expert  in 
seagoing  observations,  some  specialize  in  ocean  engineering,  some 
are  focused  on  large-scale  numerical  modeling,  and  others  are  best 
known  for  their  breadth.  Together,  they  comprise  the  strongest 
marine  research  establishment  in  the  world. 

Most  oceanography  degrees  are  offered  at  the  graduate  level; 
however,  an  increasing  number  of  institutions  are  now  offering 
undergraduate  degrees  in  oceanography.  Integration  of  marine  re- 
search facilities  (often  isolated  from  the  campus)  into  the  aca- 
demic structure  of  the  parent  university  is  improving,  and  new 
oceanography  programs  have  developed  within  a  more  traditional 
academic  departmental  structure.  Perhaps  this  change  can  be  con- 
sidered an  indicator  of  the  maturing  of  oceanography  as  a  recog- 
nized academic  discipline. 

Several  new  organizations  of  ocean  science  institutions  have 
recently  formed,  such  as  the  Council  on  Ocean  Affairs  (COA)  and 
the  National  Association  of  Marine  Laboratories,  to  promote 
interlaboratory  cooperation.  COA  is  an  organization  of  approxi- 
mately 50  academic  oceanographic  institutions  that  was  founded 
by,  and  is  administratively  housed  in,  Joint  Oceanographic  Insti- 
tutions, Inc. 

Thus,  with  increased  ease  of  access  to  the  sea  for  faculty  and 
students,  the  establishment  of  more  oceanography  activities  in 
universities,  and  substantial  support  by  some  universities,  ocean- 
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ography  is  becoming  an  established  academic  discipline.  Physical 
resource  requirements  to  ensure  that  the  levels  of  support,  equip- 
ment, and  access  to  the  ocean  are  adequate  to  carry  out  the  re- 
search needed  in  the  next  decade  should  be  important  principles 
as  academic  institutions  and  federal  agencies  develop  new  part- 
nerships. 

Ships 

Even  with  new  remote  sensing  techniques  and  autonomous 
vehicles,  ships  will  continue  to  be  the  major  platform  for  direct 
at-sea  observations  and  measurements  as  well  as  for  the  calibra- 
tion and  verification  of  remote  measurements.  These  tasks  re- 
quire a  modern  fleet  of  research  vessels,  a  fleet  whose  composi- 
tion and  capabilities  should  be  tailored  to  research  objectives. 

The  federal  oceanographic  fleet  is  defined  as  the  set  of  oceano- 
graphic  vessels  whose  operations  are  funded  by  the  federal  gov- 
ernment. The  fleet  is  composed  of  more  than  60  vessels  operated 
by  both  federal  agencies  and  academic  institutions.  The  academic 
institutions  coordinate  their  ship  activities  through  UNOLS,  which 
was  formed  in  1971  to  support  oceanographic  research  by  coordi- 
nating and  scheduling  ships  and  equipment  for  their  efficient  use. 
UNOLS  institutions  operate  and  use  vessels  owned  by  the  NSF, 
the  Navy,  and  academic  institutions.  The  UNOLS  fleet,  although 
not  formally  designated  as  a  national  facility,  is  recognized  as  a 
national  asset  vital  to  the  needs  of  U.S.  oceangoing  scientists. 
Before  the  formation  of  UNOLS,  each  institution  negotiated  sepa- 
rately with  the  group  of  federal  supporters.  Ships  were  scheduled 
primarily  for  the  exclusive  use  of  the  operating  institution's  sci- 
entists. UNOLS's  consolidated  scheduling  of  ships  has  improved 
efficiency  and  ensured  availability  of  time  at  sea  to  all  funded 
researchers.  Its  success  has  reduced  the  importance  of  each  institution's 
operating  its  own  research  vessel  and  has  allowed,  from  a  national 
viewpoint,  institutions  without  ships  to  develop  strong  marine 
programs  with  seagoing  components. 

UNOLS  consists  of  57  member  institutions,  of  which  20  oper- 
ate research  vessels.  The  UNOLS  fleet  is  composed  of  surface 
ships  ranging  in  length,  age,  and  origin;  the  submersible  Alvin-, 
and  the  floating  instrument  platform  (FLIP)  (Table  4-5).  Some 
were  built  using  capital  provided  by  the  federal  government;  oth- 
ers were  built  or  purchased  at  state  or  institutional  expense.  In 
1990,  NSF  supported  59.0  percent  of  UNOLS's  operational  ship 
days;  ONR's  contribution  was  15.5  percent;  other  federal  agencies 
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TABLE  4-5   UNOLS  Fleet 


Length 

Built/Refit 

Total  Ship 

Name  of  Ship 

(feet) 

(year) 

Days  (1990) 

KnoTi 

279 

1970/1991 

N/A 

Melville 

279 

1969/1992 

N/A 

Thompson 

274 

1991 

N/A 

Ewing 

239 

1983/1990 

201 

Vickers 

220 

1973/1989 

N/A 

Moana  Wave 

210 

1973/1984 

275 

Atlantis  U 

210 

1963 

283 

Y/ecoma 

177 

1975 

157 

Endeavor 

177 

1976 

221 

Oceanus 

177 

1975 

239 

Seward  Johnson 

176 

1984 

176 

Gyre 

174 

1973/1980 

216 

New  Horizon 

170 

1978 

233 

Columbus  Iselin 

170 

1972 

279 

Edwin  Link 

168 

1982/1988 

107 

Point  Sur 

135 

1981 

177 

Cape  Hatteras 

135 

1981 

175 

Alpha  Helix 

133 

1966 

109 

R.G.  Sproul 

125 

1981/1985 

119 

Cape  Henlopen 

120 

1976 

59 

Pelican 

105 

1985 

121 

Laurentian 

80 

1974 

148 

Longhorn 

80 

1971/1986 

53 

Blue  Fin 

72 

1972/1975 

71 

C.A.  Barnes 

65 

1966/1984 

154 

Calanus 

64 

1971 

93 

Total  ship  days  (1990) 

4,066 

Total  days  for  ships 

>150  feet  in  length 

2,680 

AGOR-24 

274  (planned) 

? 

N/A 

AGOR-25 

274  (planned) 

7 

N/A 

FLIP 

355 

1962 

65 

DSRV  Alvin 

1964 

241 

NOTE:  N/A  =  Not  applicable;  AGOR  =  Auxiliary  General  Oceanographic  Research; 
DSRV  ^  Deep  Submergence  Research  Vehicle 


contributed  8.6  percent;  state  municipalities,  10.0  percent;  and 
foreign  and  private  users,  6.9  percent  (UNOLS,  1991).  NSF's  share 
of  total  funding  of  sea  days  has  increased  over  time  (Figure  4-16). 
The  average  age  of  the  UNOLS  fleet  is  16.5  years  (Figure  4-17). 
For  fiscal  year  1992,  the  total  ship  operations  budget  was  about 
$50  million,  with  a  larger  ship  costing  about  $15,000  per  day  to 
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A  t}NSF      fiONR      \jDOI      MNOAA      ^  DOE      ^  Other 


1981   1982  1983   1984   1985   1986   1987  1988   1989   1990 

Fiscal  Year 


□  A/SF      HOA/fl      \JD0I       MNOAA      11^  DOE      ^  Other 


1981      1982      1983      1984      1985      1986      1987      1988      1989      1990 
Fiscal  Year 

FIGURE  4-16  (A)  UNOLS  ship  day  funding  by  agency  (all  ships).  From 
UNOLS,  1991.  (B)  UNOLS  ship  day  funding  by  agency  (ships  >150  feet 
long).    From  UNOLS,  1991. 
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FIGURE  4-17    Age  of  UNOLS  ships  from  time  originally  built. 


operate.  In  addition  to  the  UNOLS  fleet,  smaller  vessels  used 
primarily  for  coastal  research  are  funded  principally  by  local  sources. 

Federal  agencies  that  either  operate  or  fund  oceanographic  ships 
include  the  U.S.  Coast  Guard  (USCG),  the  U.S.  Geological  Survey 
(USGS)  and  the  Minerals  Management  Service  (MMS)  of  the  De- 
partment of  the  Interior  (DOI),  the  Environmental  Protection  Agency 
(EPA),  the  Department  of  Energy  (DOE),  the  Naval  Oceanographic 
Office,  the  Office  of  Naval  Research,  the  National  Oceanic  and 
Atmospheric  Administration,  and  the  National  Science  Founda- 
tion. The  USCG  is  included  because  its  tv/o  icebreakers  can  sup- 
port research  operations  in  the  Antarctic  and  Arctic.  The  need  for 
and  operation  of  federal  oceanographic  ships  arise  from  the  statu- 
tory mission  of  each  agency  that  is  manifested  by  approved  and 
funded  programs  in  the  federal  budget.  Individual  agency  pro- 
grams dictate  the  requirements  for  ships  and  ship  time.  The  fed- 
eral fleet  is  older,  on  average,  than  the  UNOLS  fleet  (Figure  4-18). 

Ship  use  by  different  oceanography  subdisciplines  during  the 
1980s  is  shov^n  in  Figure  4-19.  For  all  ships,  biological  oceanogra- 
phy uses  the  most  ship  time.   For  the  larger  ships,  marine  geology 
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FIGURE  4-18    Age  of  federal  oceanographic  fleet. 


and  geophysics  has  the  most  ship  days,  followed  by  physical  ocean- 
ography. The  pattern  of  use,  particularly  for  ships  more  than  150 
feet  long,  is  remarkably  stable  and  probably  indicates  the  future 
use  of  ships  (Figure  4-19). 

As  discussed  in  earlier  chapters,  a  significant  development  in 
oceanography  is  the  increased  number  of  large,  long-term  research 
activities  planned  by  the  academic  oceanographic  community.  These 
include  the  Tropical  Ocean-Global  Atmosphere  (TOGA)  program, 
WOCE,  JGOFS,  and  RIDGE.  These  major  programs  account  for 
significant  use  of  the  larger  ships. 

Present  trends  suggest  that  research  iji  coastal  oceanography 
will  continue  to  be  important  over  the  next  decade  because  it  is 
the  primary  interest  of  most  federal  mission  agencies,  states,  and 
municipalities.  Although  some  future  coastal  research  efforts  will 
be  well  served  by  some  of  the  existing  research  vessels  {Oceanus 
or  Cape  class),  smaller  research  vessels  are  also  needed.  Specifi- 
cally, these  new  vessels  should  be  capable  of  working  at  sea  for  up 
to  20  days  at  a  time,  at  a  cost  of  about  $3,000  per  day,  and  their 
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FIGURE  4-19    (A)  Cruise  days  funded,  by  discipline  (all  UNOLS  ships). 
(B)  Cruise  days  funded,  by  discipline  (UNOLS  ships  >150  feet  long). 
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scheduling  should  be  flexible.  A  few  UNOLS  vessels  satisfy  these 
criteria.  Present  estimates  are  that  a  vessel  designed  for  coastal 
oceanography  would  cost  $12  million  to  build  and  equip.  At  least 
one  group  of  institutions  is  proceeding  independently  to  design  its 
own  ship  in  this  class.  UNOLS  is  cognizant  of  the  need  for  a 
coordinated  plan  to  reduce  any  redundant  effort  concerning  new 
coastal  research  ships. 


Special  Facilities 


Submersibles 


A  broad  range  of  submersible  systems  is  available  from  the 
government  or  can  be  leased  commercially.  Since  1964  the  Alvin, 
capable  of  operating  to  a  depth  of  4,000  meters,  has  given  scien- 
tists a  presence  in  the  deep  sea.  Alvin  is  valuable  to  scientists 
who  conduct  research  in  the  water  column  or  study  processes  at 
the  seawater-seafloor  boundary.  WHOI  operates  Alvin  as  a  na- 
tional facility,  with  sponsorship  by  an  interagency  agreement  among 
NOAA,  ONR,  and  NSF. 

The  Navy  (Submarine  Development  Group  One)  operates  the 
Sea  Cliff  (capalDle  to  6,000  meters)  and  Turtle  (to  3,000  meters)  in 
support  of  Navy  operations  and  research.  Sea  Cliff  and  Turtle 
have  been  used  minimally  by  the  academic  community.  Sea  Cliff 
is  the  only  U.S.  submersible  available  to  scientists  that  can  oper- 
ate at  depths  to  6,000  meters.  An  agreement  among  the  Navy, 
NOAA,  and  UNOLS  will  improve  the  coordination  and  use  of 
Navy  deep  submergence  assets  for  academic  research.  Harbor  Branch 
Oceanographic  Institution  owns  and  operates  two  Johnson  Sea  Link 
(1,000  meters)  submersibles,  which  have  been  used  intensively  by 
academic  researchers,  government,  and  industry. 

Unmanned,  tethered,  remotely  operated  vehicles  (ROVs),  which 
for  some  time  performed  ocean  engineering  tasks  largely  for  the 
offshore  oil  industry,  appear  to  be  gaining  acceptance  and  use  by 
ocean  researchers.  Some  ROVs  are  less  expensive  than  manned 
submersibles  and  allow  long  submerged  endurance  times,  making 
them  attractive  tools  for  some  tasks  vis-a-vis  manned  submersibles. 

Floating  Instrument  Platform 

The  Floating  Instrument  Platform  [FLIP],  operated  by  SIO,  fills 
scientific  needs  for  a  stable  platform  in  rolling  seas.  It  has  been 
used  for  studying  acoustic  signals,  surface  and  internal  wave  properties. 
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and  water  temperature,  and  for  collecting  meteorological  data. 
FLIP  achieves  its  stability  and  vertical  access  through  the  water 
column  by  its  extension  vertically  below  the  surface  when  on 
station.  Increased  efforts  to  improve  active  acoustic  capabilities 
and  all-weather  operations  in  higher  latitudes  emphasize  the  con- 
tinuing requirements  for  a  PL/P-like  platform.  The  present  FLIP 
cannot  support  the  more  demanding  projects  expected  in  the  near 
future.  Research  users  have  requested  a  second-generation  FLIP 
that  would  allow  for  deployment  of  new  larger,  multidimensional 
acoustic  arrays,  ROVs,  and  other  equipment  under  development. 

fOIDES  Resolution 

The  JOIDES  Resolution  is  a  specially  equipped  drilling  vessel 
that  has  laboratory  facilities  for  studying  core  samples  and  the 
capability  for  making  downhole  measurements  (logging).  NSF  has 
contracted  with  JOI,  which  has  in  turn  contracted  with  Texas 
A&M  University  to  serve  as  science  operator  and  with  Lamont- 
Doherty  Geological  Observatory  to  provide  logging  and  other  ser- 
vices. The  science  operator  is  responsible  for  the  operation  of  the 
drill  ship,  cruise  staffing,  logistics,  engineering,  shipboard  labora- 
tories, archiving  of  core  samples  and  data,  and  publications.  The 
Ocean  Drilling  Program  is  in  the  category  of  large  science  projects 
that  require  the  application  of  expensive  state-of-the-art  technol- 
ogy for  the  advancement  of  the  science. 

Satellites:  Ocean-Related  Remote  Sensing 

In  the  early  1980s,  NASA  asked  JOI  to  prepare  a  report  on 
satellite  oceanography.  The  report — Oceanography  from  Space 
1985-1995  (JOI,  1985),  prepared  by  a  committee  of  oceanographers 
expert  in  the  field,  recommended  a  series  of  ocean-related  remote 
sensing  missions  that  are  scheduled  for  the  1990s  (Table  4-6).  It 
is  increasingly  clear  that  understanding  the  ocean  is  central  to 
global  change  research  and  that  the  National  Aeronautics  and  Space 
Administration  (NASA)  and  analogous  space  agencies  around  the 
world  should  be  major  participants  in  the  development  of  ocean 
remote  sensing.  Although  several  ocean-related  missions  are  scheduled 
in  the  early  1990s,  plans  for  the  late  1990s  and  beyond  are  still 
tentative.  Because  of  the  long  lead  time  from  the  concept  of  a 
satellite  sensor  until  it  is  launched,  efforts  are  needed  now  to 
ensure  the  development  of  relevant  missions  for  the  early  twenty- 
first  century  to  avoid  gaps  in  time  series  of  important  measure- 
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TABLE  4-6     Status  of  Major,  Pre-EOS  Ocean  Spacecraft  and 
Instruments  (as  of  fall,  1991)'' 
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Satellite 

Sponsor 

Instruments 

Launch  Date 

DMSP  Series 

USAF 

NASA^ 

MR 

June  1987 

Polar  Series 

NOAA 
NASA'' 

IR 

Ongoing 

ESA  ERS-1 

ESA 

NASA'' 

ALT,  SCAT,  SAR 
IR 

luly  1991 

NASDA  ERS-1 

NASDA 

NASA'' 

SAR 

February-  1992 

TOPEX/Poseidon 

NASA 
CNES 

ALT 

July  1992 

SeaWiFS 

OSC 

NASA'' 

CS 

August  1993 

ESA  ERS-2 

ESA 

ALT,  SCAT,  SAR 
IR 

1994+ 

RADARSAT 

CANADA 
NASA'' 

SAR 

Late  1994 

ADEOS 

NASDA 
NASA'' 

SCAT,  CS 

1995 

NOTE:  ALT  =  radar  altimeter;  CNES  =  French  space  agency;  CS  =  color  scanner; 
ESA  =  European  Space  Agency;  IR  =  infrared  radiometer;  MR  =  microwave  radiom- 
eter; NASDA  =  Japanese  space  agency;  OSC  =  Orbital  Sciences  Corporation;  SAR  = 
synthetic  aperture  radar;  SCAT  =  scatterometet;  SeaWiFS  =  Sea  viewing  Wide  Field 
Sensor. 

^EOS  =  Earth  Observing  System. 

''Provides  data  or  other  services  to  U.S.  research  users. 


ments  and  deterioration  of  U.S.  capabilities.  The  advancement  of 
ocean  science  depends  on  both  general  Earth-observing  and  ocean- 
specific  missions.  The  continuance  and  strengthening  of  partner- 
ships between  NASA  and  other  agencies  and  with  industry  in  the 
United  States  and  abroad  are  key  to  the  success  of  ocean-related 
missions. 

Satellite  observations  contribute  to  studies  of  sea  surface  waves, 
wind  speed  and  direction,  gas  fluxes,  atmospheric  water  vapor 
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concentrations  and  rainfall,  sea  surface  temperature,  ocean  color, 
sea  ice  distributions,  ocean  surface  topography,  and  gravity.  The 
potential  of  satellite  oceanography  is  almost  unlimited,  although 
its  usefulness  for  most  purposes  depends  on  in  situ  calibration  of 
the  remote  measurements. 

Atmospheric  water  vapor  must  be  measured  because  it  is  used 
in  computing  ocean  surface  evaporation  and  thermal  forcing  and 
is  needed  to  correct  altimetry  data.  Sea  surface  temperature  ob- 
served by  infrared  sensors  is  the  surface  signature  of  ocean  tem- 
perature changes.  It  is  a  vital  parameter  in  estimating  surface 
heat  fluxes  and  evaporation,  and  can  be  used  to  infer  some  circu- 
lation features. 

Remote  sensing  of  ocean  color  is  a  key  element  for  under- 
standing the  global  ocean  carbon  budget.  To  obtain  long-term 
continuous  global  ocean  color  measurements,  the  Sea-viev^^ing  Wide 
Field  Sensor  (SeaWiFS)  sensor  will  be  launched  on  a  satellite  in 
1993.  Future  ocean  color  instruments  should  include  improve- 
ments in  spectral  coverage  and  calibration.  An  ocean  color  sensor 
and  scatterometer  should  be  combined  on  a  future  satellite  be- 
cause of  the  close  connection  between  wind  stress  and  productiv- 
ity. With  future  sensors,  data  from  more  wavelengths  may  be 
collected.  This  should  allow  estimation  of  various  colored  dis- 
solved organic  materials  and,  perhaps,  separation  of  phytoplank- 
ton  pigment  groups.  Sun-stimulated  fluorescence  at  683  nanom- 
eters (Chamberlin  et  al.,  1990)  may  be  a  good  indicator  of  the 
photosynthetic  state  of  the  phytoplankton  and  thus  be  useful  in 
improving  primary  productivity  models. 

Passive  microwave  sensors  measure  concentrations  of  open 
water  versus  sea  ice  and  may,  in  the  future,  be  able  to  estimate 
the  emitting  temperature  of  the  upper  layer  of  the  ice,  which  is 
related  to  the  surface  heat  balance.  The  large-scale  shape  of  the 
ocean  surface  (the  geoid)  is  primarily  related  to  Earth's  gravity 
field  because  the  ocean  surface  tends  to  form  a  level  surface  per- 
pendicular to  the  force  of  gravity  at  any  given  location.  Devia- 
tions from  this  level  surface  are  caused  primarily  by  ocean  cur- 
rents. Ocean  currents  can  be  studied  by  a  combination  of  altimeter 
measurements  of  the  ocean  surface  height  and  gravity  measure- 
ments of  the  geoid. 

Precise  satellite  geodetic  measurements,  providing  informa- 
tion on  crustal  deformation,  continental  drift,  and  plate  tectonics, 
Earth  and  ocean  tides,  and  changes  in  Earth's  geopotential,  have 
been  carried  out  since  1976  in  a  joint  project  between  the  United 
States  and  Italy  with  the  Laser  Geodynamics  Satellite. 
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A  mission  to  determine  Earth's  gravity  field  is  still  needed. 
No  gravity  mission  is  firmly  in  any  space  agency's  plans,  but 
design  studies  are  being  conducted.  Of  particular  interest  are  the 
joint  U.S./ESA  (European  Space  Agency)  plans  for  a  gravity  mis- 
sion, called  Applications  and  Research  Involving  Space  Technolo- 
gies Observing  the  Earth's  Field  froni  Low  Earth  Orbiting  Satel- 
lites (ARISTOTELES).  The  ARISTOTELES  spacecraft  would  include 
both  a  gravity  gradiometer  for  highly  accurate  gravity  measure- 
ments and  a  magnetometer  for  geomagnetic  studies.  It  is  impor- 
tant that  the  geomagnetic  mission  begin  before  1998  to  avoid  the 
next  sunspot  maximum,  which  would  hamper  the  low-altitude 
initial  portion  of  the  satellite's  mission. 

It  is  clear  from  Table  4-6  that  many  objectives  of  the  original 
Space,  A  Research  Strategy  for  the  Decade  1985-1995  (TOT,  1985) 
report  are  being  met.  Yet  successful  completion  of  many  mis- 
sions requires  more  than  just  NASA  support;  new  partnerships 
are  needed.  Healthy  relationships  between  U.S.  and  non-U.S.  space 
agencies  and  with  private  industry  are  also  needed.  Some  of  these 
relationships  appear  to  be  working  v/ell,  for  example,  in  Earth 
Resources  Satellite- 1  data  sharing  through  the  Alaska  synthetic 
aperture  radar  facility  and  in  the  joint  design  of  TOPEX/Poseidon 
with  the  French.  Future  partnerships,  such  as  those  in  ocean 
color  with  the  Orbital  Sciences  Corporation's  SeaWiFS,  are  yet  to 
be  tested.  It  is  clear  that  developing  and  maintaining  these  part- 
nerships require  strong  leadership  at  NASA  headquarters,  so  that 
U.S.  participation  in  the  process  from  sensor  design  to  data  analy- 
sis is  guaranteed.  The  oceanographic  community  must  not  find 
itself  wholly  dependent  on  international  agreements  and  data  from 
non-U.S.  sensors  and  missions  during  the  late  1990s  and  beyond. 

There  is  a  need  for  continuing  research  in  the  development  of 
mathematical  techniques  to  correct  satellite  data  for  the  effects  of 
clouds,  water  vapor,  and  other  atmospheric  aerosols,  to  relate  sat- 
ellite measurements  to  observations  at  the  ocean  surface,  and  to 
relate  the  surface  signal  to  processes  occurring  at  depth.  If  cali- 
bration errors  in  the  satellite  data  time  series  can  be  avoided,  it 
will  be  possible  to  create  a  time  series  that  is  long  enough  to 
investigate  low-frequency  phenomena  in  the  record  of  upper  ocean 
temperatures  and  other  variables. 

Numerical  Ocean  Modeling 

Numerical  ocean  modeling  has  reached  a  degree  of  sophistica- 
tion whereby  it  can  affect  the  study  of  present  ocean  circulation 
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and  the  prediction  of  future  climate.  Relatively  realistic  multidecadal 
simulations  of  the  North  Atlantic,  the  Southern  Ocean,  and  the 
world  ocean  have  recently  been  carried  out.  The  results  of  these 
experiments  are  being  analyzed  by  numerous  groups  to  aid  in  un- 
derstanding the  ocean  general  circulation  (e.g.,  Boning  et  al.,  1991; 
Semtner  and  Chervin,  1992).  Data  collected  by  comprehensive 
field  programs  such  as  WOCE  and  TOGA  can  be  interpreted  bet- 
ter through  the  use  of  realistic  models,  and  field  data  provide 
essential  tests  for  the  models.  WOCE  is  sponsoring  a  community 
modeling  effort  whereby  different  models  of  global  circulation  are 
compared.  Overall  scientific  progress  is  maximized  by  the  inter- 
action of  models  and  observations. 

Future  progress  in  modeling  will  involve  new  techniques  and 
significantly  faster  computers  to  conduct  simulations  with  more 
realistic  hydrodynamics,  improved  resolution  of  eddies,  longer  time 
integration,  and  more  testing  of  methods  of  handling  subgrid-scale 
variables. 

Technological  advances  will  probably  enhance  ocean  modeling 
more  than  changes  in  methodology.  Computers  are  expected  to 
attain  speeds  in  excess  of  one  trillion  floating-point  operations 
per  second  (a  teraflop)  before  the  year  2000.  This  thousandfold 
improvement  over  computers  of  1990  will  allow  major  improve- 
ments in  simulation  capability,  such  that  realistic  global  models 
might  be  achieved.  Their  maximal  use  will  require  the  develop- 
ment of  highly  parallel  algorithms.  Because  most  ocean  models 
are  formulated  in  terms  of  local  space-time  processes,  they  should 
be  easily  implemented  on  massively  parallel  computers. 

The  computer  and  communications  requirements  for  archiving, 
analyzing,  and  visualizing  the  output  of  eddy-resolving  basin-  to 
global-scale  models  are  vast.  Ongoing  federal  programs  in  high- 
performance  computing  should  help  to  develop  some  of  the  neces- 
sary resources.  Ocean  modeling  was  highlighted  as  one  applica- 
tion of  high-performance  computing  in  the  interagency  Federal 
Coordinating  Council  for  Science,  Engineering,  and  Technology 
supplement  to  the  president's  budget  for  fiscal  year  1993  {FCCSET; 
1992).  Also,  large  observational  programs  are  critical  because  ba- 
sin- to  global-scale,  long-term  ocean  data  sets  are  required  to  ini- 
tiate and  validate  ocean  models. 

FISCAL  RESOURCES 

Information  on  oceanographic  research  funding  in  the  United 
States  for  the  11  fiscal  years  from  1982  to  1992  is  compiled  here. 
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NSF  and  ONR  provide  the  majority  of  federal  support  for  univer- 
sity-based basic  oceanographic  research.  In  addition,  several  fed- 
eral mission  agencies  (i.e.,  NOAA,  NASA,  USGS,  MMS,  DOE,  and 
EPA)  support  ocean  science  research  both  within  their  agencies 
and  through  extramural  funding  to  the  academic  research  com- 
munity. 

Federal  Funding  of  Ocean  Science  r 

This  section  describes  federal  support  of  ocean  science,-  it  does 
not  include  funding  by  states  and  the  private  sector.  For  most  of 
the  mission  agencies,  no  distinction  is  made  between  basic  re- 
search conducted  in  a  federal  laboratory  and  that  supported  at 
universities,  but  for  NASA,  university  science  support  is  sepa- 
rated from  total  science  support. 

Uniform  budget  information  for  all  these  agencies  is  difficult 
to  obtain  because  some  agencies  reorganized  during  fiscal  years 
1982-1992,  and  ocean  and  nonocean  research  budgets  are  some- 
times combined  into  one  budget  category.  Yearly  funding  is  pre- 
sented by  agency  in  both  current  dollars  (Table  4-7]  and  constant 
1982  dollars  (Table  4-8}.  The  funding  data  were  substantiated  by 
the  agencies  for  accuracy  within  ±5  percent.  The  inflation  adjust- 
ment to  constant  dollars  is  based  on  the  gross  national  product 
(GNP)  index  for  the  years  1982-1992.  The  GNP  indices  used  for 
1990-1992  are  estimates. 

The  distribution  of  fiscal  year  1992  support  for  basic  research 
is  shown  in  Figure  4-20.  NSF  was  the  largest  supporter  of  basic 
oceanographic  research  in  the  United  States  (34.5  percent)  and, 
along  with  ONR  (20.4  percent)  and  NOAA  (16.1  percent),  pro- 
vided more  than  70  percent  of  the  reported  support  in  fiscal  year 
1992.  NOAA's  ocean  science  research  programs  (including  Sea 
Grant)  were  funded  at  about  the  same  level  as  the  ONR  program, 
and  other  federal  agencies,  including  USGS,  EPA,  NASA,  and  MMS, 
have  significant  programs  in  ocean-related  research.  Thus  to  ob- 
tain a  comprehensive  picture  of  funding  trends,  contributions  from 
these  other  federal  agencies  must  be  included. 

National  Science  Foundation 

Since  the  1960s,  NSF  has  been  the  principal  supporter  of  aca- 
demic oceanographers  in  the  United  States.  Figure  4-21  shows 
the  growth  of  the  overall  NSF  budget  and  the  ocean  science  com- 
ponent for  fiscal  years  1982-1992  in  both  current  and  constant 
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NASA 

7.01% 

USGS 
7.11% 


EPA 

9.51% 


MMS 

2.90%  -^  I DOE 

2.40% 


NSF 
34.53% 


NOAA 
16. 12%  ^^_^ 

ONR 
20.42% 

FIGURE  4-20    Distribution  of  federal  support  for  ocean  science  in  Fiscal 
Year  1992. 


1982  dollars.  The  NSF  budget  grew  at  an  annual  rate  of  14.4 
percent  during  this  time.  More  than  half  of  this  increase  can  be 
attributed  to  inflation;  in  constant  1982  dollars,  the  total  NSF 
budget  increased  at  an  annual  rate  of  6.7  percent.  This  impressive 
record  indicates  continuing  support  in  both  the  administration 
and  the  Congress  for  basic  scientific  research. 

Ocean  Science  The  budget  of  NSF's  Ocean  Sciences  Division  (OCE) 
has  not  increased  as  rapidly  as  the  overall  NSF  budget  over  this 
same  period  (Figure  4-21).  In  constant  1982  dollar  terms,  the  OCE 
budget  grew  2.4  percent  annually  between  fiscal  years  1982  and 
1992,  a  constant  dollar  growth  rate  about  one-third  that  of  the 
overall  NSF  budget.  Of  the  OCE  growth,  in  constant  1982  dollar 
terms,  58  percent  can  be  attributed  to  growth  specifically  in  Ocean 
Science  Research  Support  (OSRS).  The  Ocean  Drilling  Program 
(ODP)  accounts  for  16  percent  of  the  constant  1982  dollar  growth 
and  Oceanographic  Centers  and  Facilities  (OCF)  for  26  percent.  It 
is  encouraging  to  note  that  the  5.5  percent  increase  in  the  OCE 
budget  from  fiscal  years  1990  to  1991  (in  constant  1982  dollars) 
and  the  4.6  percent  budget  increase  from  1991  to  1992  may  signal 
significant  real  growth  in  the  OCE  budget  in  the  1990s. 

Funding  increases  have  not  been  uniform  across  the  oceano- 
graphic disciplines  in  OCE  (Figure  4-22).  The  physical  oceanogra- 
phy budget  increased  more  than  the  other  three  disciplines,  ac- 
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FIGURE  4-21  Budget  history  of  the  National  Science  Foundation  and 
the  ocean  science  component  in  current  and  constant  1982  dollars  for 
Fiscal  Years  1982-1992. 


counting  for  53  percent  (in  inflation-adjusted  dollars)  of  the  entire 
OSRS  growth  between  fiscal  years  1982  and  1992.  Biological  ocean- 
ography accounted  for  33  percent  of  the  OSRS  growth.  In  con- 
trast, increases  in  the  chemical  oceanography  and  marine  geology 
and  geophysics  budgets  accounted  for  much  smaller  percentages 
of  the  OSRS  growth,  11  and  6  percent,  respectively.  However, 
this  relatively  slow  growth  in  core  program  support  for  MG  and  G 
has  been  offset  by  a  $5  million  to  $6  million  budget  per  year  for 
drilling-related  science  that  began  when  ODP  was  established  in 
the  mid-1980s. 

Thus  at  NSF,  1982-1992  was  characterized  by  slow  growth  in 
research  support  for  ocean  sciences.  Further,  the  percentage  growth 
occurred  mostly  in  OSRS  and  can  be  attributed  primarily  to  in- 
creased support  in  physical  oceanography  and,  in  fiscal  years  1991 
and  1992,  biological  oceanography  as  well. 

Other  Basic  Sciences  Overall,  NSF  support  for  most  fields  of 
basic  scientific  research  grew  relatively  slowly  from  fiscal  years 
1982  to  1992.     The  three  directorates  that  fund  most  of  NSF's 
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FIGURE  4-22  Budget  history  of  the  National  Science  Foundation's  ocean 
science  disciplines  in  current  dollars  (A)  and  in  constant  1982  dollars  (B) 
for  Fiscal  Years  1982-1992. 
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mm 


basic  scientific  research  (and  comprise  more  than  one-half  its  to- 
tal budget) — Biological,  Behavioral  and  Social  Sciences,  Mathematics 
and  Physical  Sciences,  and  Geosciences — had  budget  growth  rates 
substantially  lower  than  the  overall  NSF  budget.  NSF  director- 
ates responsible  for  technology,  computing,  engineering,  and  edu- 
cation accounted  for  most  of  the  percentage  growth  in  the  overall 
NSF  budget. 

Office  of  Naval  Research 

The  Department  of  the  Navy,  primarily  through  the  ONR,  has 
been  a  major  supporter  of  basic  oceanographic  research  in  the 
United  States.  ONR  funding  has  changed  little  in  constant  dol- 
lars since  fiscal  year  1982  (Figure  4-23).  Funding  by  ONR's  oceano- 
graphic disciplines,  which  differ  from  NSF's,  are  also  relatively 
constant  (Figure  4-23). 


o   40 


1982  1983  1984  1985  1986  1987  1988  1989  1990  1991   1992 

Fiscal  Year 


FIGURE  4-23    Office  of  Naval  Research  funding  for  ocean  science  in 
constant  1982  dollars  for  Fiscal  Years  1982-1992. 
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Office  of  the  Oceanographei  of  the  Navy 

The  Office  of  the  Oceanographer  of  the  Navy  was  the  program 
sponsor  for  the  following  new  construction  of  Navy-owned  ships 
assigned  to  academic  institutions  between  fiscal  years  1982  and 
1992: 

$33  million      AGOR-23  (R/V  Thompson)       New  construction 

$47  million      R/V  Knorr,  R/V  Melville  Refitting 

$41  million      AGOR-24  New  construction 


Other  Navy  Support 

Other  Navy  support  for  ocean  science  comes  from  the  Office 
of  Naval  Technology  (ONT)  and  the  Naval  Research  Laboratory 
(NRL).  ONT  provided  $43.7  million  in  fiscal  year  1992  for  sci- 
ence, but  no  breakdown  for  ocean  science  is  available.  Further, 
no  budget  figures  are  available  prior  to  fiscal  year  1992.  NRL 
provided  $3.2  million  in  fiscal  year  1992  for  ocean  science;  here 
too,  no  prior  budget  figures  are  available  yet. 

National  Oceanic  and  Atmospheric  Administration 

NOAA's  research  budget  includes  mapping,  charting,  geodesy 
activities,  ocean  and  coastal  management,  climate  research,  and 
fisheries  management  (Figure  4-24).  NOAA  research  is  carried 
out  at  major  federal  laboratories,  such  as  the  Atlantic  Oceano- 
graphic  and  Meteorological  Laboratories  and  the  Pacific  Marine 
Environmental  Laboratories,  as  well  as  through  cooperative  agree- 
ments with  universities  and  the  National  Sea  Grant  College,  Cli- 
mate and  Global  Change,  and  Coastal  Ocean  programs. 

Sea  Grant,  NOAA's  major  extramural  funding  program  for  uni- 
versity-based scientists,  provided  approximately  $25.3  million  in 
fiscal  year  1991  for  ocean  science  research  (Figure  4-25).  The 
Climate  and  Global  Change  Program  began  in  fiscal  year  1989  and 
provides  some  support  for  academic  scientists  (Figure  4-25).  The 
Coastal  Ocean  Program  (COP)  began  in  fiscal  year  1990.  Approxi- 
mately 50  percent  of  its  $11.5  million  budget  for  fiscal  year  1992 
is  used  to  support  academic  research  in  coastal  ocean  science  (Fig- 
ure 4-25).  Although  it  is  a  young  program,  COP  indicates  a  pos- 
sible trend  of  increasing  academic  research  support  (164  percent 
between  fiscal  years  1990  and  1992  in  constant  1982  dollars).  If 
its  budget  continues  to  increase  and  congressional  support  contin- 
ues, COP  may  emerge  as  a  significant  extramural  funding  pro- 
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FIGURE  4-24  National  Oceanic  and  Atmospheric  Administration  (NOAA) 
funding  for  ocean  science  in  current  and  constant  1982  dollars  for  Fiscal 
Years  1982-1992. 


gram  in  the  1990s.    Funding  information  for  these  three  NOAA 
programs  is  included  in  Tables  4-7  and  4-8. 


Department  of  Energy 

For  many  years,  the  Department  of  Energy  has  supported  a 
marine  research  program  in  areas  such  as  subseabed  waste  dis- 
posal, carbon  dioxide-related  research,  and  coastal  oceanography 
(Figures  4-26  and  4-27).  In  fiscal  year  1982,  the  marine  research 
program  was  budgeted  at  $22.9  million,  with  some  of  the  work 
contracted  to  university-based  marine  scientists.  Between  fiscal 
years  1982  and  1987,  the  budget  was  reduced  nearly  75  percent  in 
constant  1982  dollar  terms.  Programs  in  subseabed  waste  dis- 
posal and  strategic  petroleum  were  eliminated,  and  funding  for 
coastal  oceanography  and  carbon  dioxide  research  was  reduced. 
With  DOE  involvement  in  the  U.S.  Global  Change  Program,  fund- 
ing for  carbon  dioxide-related  research  has  rebounded.    Since  fis- 
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FIGURE  4-25  Budget  history  of  the  National  Oceanic  and  Atmospheric 
Administration's  Sea  Grant,  Coastal  Ocean  Program,  and  Global  Change 
ocean  science  components  in  current  dollars  (A)  and  in  constant  1982 
dollars  (B)  for  Fiscal  Years  1982-1992. 
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FIGURE  4-26  Budget  history  of  ocean  science  research  programs  in  sev- 
eral major  federal  mission  agencies  in  current  dollars  for  Fiscal  Years 
1982-1992. 

cal  year  1987,  DOE  funding  for  ocean-related  research  increased 
6.6  percent  annually  in  constant  1982  dollar  terms,  but  it  is  still 
significantly  (63  percent)  below  the  level  of  fiscal  year  1982  sup- 
port in  constant  1982  dollars. 


U.S.  Geological  Survey 

USGS  supports  marine  geological  and  geophysical  research. 
During  the  past  decade,  it  has  emphasized  mapping  and  assessing 
the  geological  resources  of  the  U.S.  Exclusive  Economic  Zone. 
USGS  ocean  science  funding — which  includes  two  major  compo- 
nents. Offshore  Geologic  Framework  and  Coastal  Geology — de- 
creased 32  percent  in  constant  1982  dollars  from  fiscal  year  1982 
to  1983  (Figures  4-26  and  4-27).  This  reduction  is  due  in  part  to 
the  formation  of  a  new  bureau  MMS,  which  was  separated  from 
the  Conservation  Division  unit  in  the  Department  of  the  Interior 
in  fiscal  year  1982.  Since  fiscal  year  1983,  the  USGS  marine 
programs  budget  has  grown  65.8  percent  in  constant  1982  dollar 
terms,  a  6.6  percent  annual  average  increase. 
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FIGURE  4-27  Total  federal  support  for  ocean  science  including  NASA 
satellites  and  Navy  ships  assigned  to  academic  institutions,  in  constant 
1982  dollars  for  Fiscal  Years  1982-1992. 


Minerals  Management  Service 

MMS's  Environmental  Studies  Program  supports  studies  in  physical 
oceanography,  offshore  geology,  and  marine  pollution.  Some  stud- 
ies are  contracted  with  university-based  researchers,  and  others 
are  conducted  by  private  industry  or  federal  agencies  (e.g.,  USGS). 
In  general,  the  MMS  ocean  science  budget  has  decreased  continu- 
ously from  fiscal  year  1982  to  fiscal  year  1992,  for  a  63  percent 
overall  decrease  in  constant  1982  dollars  in  these  11  years  (Fig- 
ures 4-26  and  4-27). 


Environmental  Protection  Agency 

EPA  has  a  rapidly  growing  marine  research  program.  Reliable 
figures  are  not  available  prior  to  fiscal  year  1989,  but  between 
fiscal  years  1989  and  1992,  the  EPA  marine  program  budget  in- 
creased 165  percent  in  constant  1982  dollars  (an  average  annual 
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increase  of  41  percent),  the  largest  percent  increase  in  any  federal 
agency  (Figures  4-26  and  4-27). 

National  Aeronautics  and  Space  Administration 

Satellites  are  increasingly  important  in  modern  oceanographic 
research.  NASA  provides  funding  for  construction,  operation,  and 
related  research  for  ocean  satellite  missions  such  as  TOPEX/Poseidon, 
instruments  such  as  SeaWiFS  and  the  NASA  Scatterometer,  and 
data  collection  and  analysis  from  other  satellites  such  as  ESA's 
Earth  Resources  Satellite- 1  (see  "Physical  Resources").  It  is  diffi- 
cult from  NASA's  budget  presentation  to  identify  specific  ocean- 
related  funding  after  fiscal  year  1989,  except  for  individual  satel- 
lites. Expenditures  for  fiscal  years  1982-1992  are  shown  in  Tables 
4-7  and  4-8  in  two  categories.  Research  and  Analysis  and  Flight 
Programs.  Funding  of  university-based  researchers  has  nearly  qua- 
drupled in  current  dollars,  from  $3.3  million  in  1982  to  $12.6 
million  in  1992.  NASA's  ocean-related  funding  has  grown,  par- 
ticularly for  the  development  of  new  satellite  sensors.  Growth  of 
NASA's  budget  in  Earth  observations  is  expected  to  be  substantial 
as  the  Mission  to  Planet  Earth  begins  and  the  Earth  Observing 
System  satellites  are  developed. 

Discussion 

Overall,  federal  funding  of  oceanographic  research  in  the  1980s 
was  relatively  constant.  Figure  4-27  shows  that  total  federal  spending 
on  oceanographic  research  grew  5.1  percent  from  fiscal  year  1982 
to  fiscal  year  1992  (in  constant  1982  dollars),  an  increase  of  about 
0.6  percent  annually. 

Although  this  report  focuses  on  funding  trends  in  the  ocean 
sciences,  funds  for  individual  oceanographic  investigators  are  in- 
fluenced by  the  rapid  growth  in  the  number  of  academic  oceanog- 
raphers  and  a  significant  increase  in  the  costs  of  ocean  science. 
Throughout  the  period  of  slow  growth  in  federal  spending  on  the 
ocean  sciences  in  the  1980s,  the  number  of  scientists  competing 
for  funds  continued  to  grow.  According  to  the  OSB  survey  (see 
"Human  Resources"),  the  number  of  Ph.D. -level  academic  ocean 
scientists  increased  about  70  percent  from  1980  to  1990.  WHOI 
data  indicate  that  the  number  of  proposals  per  staff  member  in- 
creased from  2.8  in  1975  to  4.8  in  1991.  This  finding  seems  to 
confirm  a  general  impression  among  research  oceanographers  that 
they  now  spend  more  time  writing  proposals  than  in  the  past. 
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The  costs  of  the  latest  equipment  (e.g.,  ships,  satellites,  and 
laboratory  instrumentation)  used  in  oceanography  today  are  rising 
much  faster  than  the  rate  of  inflation.  This  trend,  seen  in  many 
scientific  fields,  is  what  D.  Allan  Bromley,  the  President's  Science 
Advisor,  calls  the  sophistication  factor.  For  example,  all  major 
oceanographic  research  vessels  in  the  1970s  were  equipped  with 
wide-beam  echo  sounders  to  measure  the  water  depth  beneath  the 
ship.  These  simple  systems  cost  a  few  thousand  dollars  to  install 
and  were  inexpensive  to  operate.  In  the  1980s,  the  first  multiple 
narrow-beam  echo  sounders  were  introduced.  These  systems  pro- 
duced more  accurate  seafloor  maps  up  to  16  times  faster  than  the 
older  echo  sounders,  but  they  cost  nearly  $1  million  per  ship  to 
install  and  are  much  more  costly  to  operate  and  maintain.  In  the 
early  1990s,  the  second-generation  multibeam  swath  mapping  systems 
were  introduced.  They  are  up  to  10  times  faster  than  the  first 
multibeam  systems  but  cost  nearly  2.5  times  as  much.  This  ex- 
ample is  not  atypical;  each  oceanography  discipline  could  cite 
similar  examples.  As  our  capability  to  do  oceanographic  research 
has  increased  over  the  past  20  years,  the  associated  costs  of  ac- 
quiring, operating,  and  maintaining  modern  facilities  and  equip- 
ment have  outpaced  inflation. 
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How  the  Study  Was  Conducted 


This  study  is  the  result  of  several  years'  activity  by  the  Ocean 
Studies  Board  (OSB)  and  the  U.S.  ocean  science  community.  The 
Board  convened  three  workshops,  one  on  facilities  (May  30-31, 
1990)  and  two  on  future  science  directions  in  oceanography  (March 
11-12  in  Irvine,  California  and  April  22,  1991  in  Washington,  D.C.). 
Additional  community  input  was  sought  through  two  special  ses- 
sions at  meetings  of  the  American  Geophysical  Union.  In  addi- 
tion, the  OSB  surveyed  federal  agencies  and  academic  institutions 
on  fiscal,  physical,  and  human  resources. 

The  OSB  especially  thanks  scientists  who  were  not  members 
of  the  Board  during  the  duration  of  this  study  but  who  contrib- 
uted to  or  reviewed  portions  of  this  report  or  contributed  at  one  of 
its  workshops: 


Alice  Alldredge 
Neil  Andersen 
David  Aubrey 
Arthur  Baggeroer 
D.  James  Baker 
Karl  Banse 
William  Berggren 
Michael  Brown 
Otis  Brown 


Harry  Bryden 
David  Christie 
Thomas  Church 
Michael  Coffin 
Russ  Davis 
John  Delaney 
Roland  deSzoeke 
Tom  Dickey 
Andrew  Dickson 

179 


Hugh  Ducklow 
Ann  Durbin 
John  Edmond 
J.  Farrell 
Rana  Fine 
Fred  Fisher 
Jeff  Fox 

Gary  L.  Geernaert 
Wayne  R.  Geyer 
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Joel  Goldman 
Jeff  Graham 
George  Grice 
Melinda  Hall 
David  Halpern 
Eric  Hartwig 
James  Hays 
Thomas  Hayward 
G.  Ross  Heath 
John  Imbrie 
David  Johnson 
Kenneth  Johnson 
Peter  Jumars 
Keith  Kaulum 
James  Kennett 
Dana  R.  Kester 
Victor  Klemas 
Devendra  Lai 
Richard  Lambert 
Donald  Langenberg 
Charles  Langmuir 
Art  Lerner-Lam 
James  Ledwell 
Bonnie  MacGregor 
Curt  Mason 


Marsha  McNutt 
Joan  Mitchell 
Ralph  Moberly 
Christopher  Mooers 
J.  Bradford  Mooney 
Jason  Phipps  Morgan 
Walter  Munk 
John  Mutter 
Stewart  Nelson 
WiUiam.  A.  Nierenberg 
Peter  Niiler 
Charles  Nittrouer 
Worth  Nowlin 
E.  Okal 
Donald  Olson 
William  Patzert 
Charles  Peterson 
Michael  Pilson 
Robert  Pinkel 
Nicolas  Pisais 
Robert  Presley 
Joseph  Prospero 
Barry  Raleigh 
Desiraju  B.  Rao 
Roger  Revelle 


Peter  Rhines 
Steve  Riser 
Paola  Rizzoli 
Bruce  Rosendahl 
Thomas  Rossby 
George  Saunders 
David  Schink 
Ronald  Schlitz 
Raymond  W.  Schmitt 
Jerry  Schubel 
Bert  Semtner 
Thomas  Shipley 
Eugene  A.  Silva 
Michael  P.  Sissenwine 
George  Somero 
Derek  W.  Spencer 
William  Stubblefield 
Fumiko  Tajima 
Taro  Takahashi 
Ronald  Tipper 
Brian  E.  Tucholke 
Pat  Walsh 
Clinton  Winant 
Xiao-Hai  Yan 
James  Yoder 


II 


Abbreviations  and  Acronyms 


V '1 


ACQS 

ALT 
ARISTOTELES 


ARM 

BLM 
B.O. 
CHAMMP 

CNES 

CO. 

COA 

COP 

CS 

DIN 

DOC 

DOD 

DOE 

DOI 


Advisory  Committee  on  Ocean  Sciences 

(ACOS) 
Radar  altimeter 
Applications  and  Research  Involving  Space 

Technologies 
Observing  the  Earth's  Field  from  Low  Earth 

Orbiting  Satellites 
Atmospheric  Radiation  Measurements 

program  (DOE) 
Bureau  of  Land  Management 
Biological  oceanography 
Computer  Hardware,  Advanced  Modeling  and 

Model  Physics  program 
French  space  agency  .-"'l; 

Chemical  oceanography  -'     ' 

Council  on  Ocean  Affairs 
Coastal  Ocean  Program  (NOAA)  '  *' 

Color  scanner  -    ' 

dissolved  inorganic  nitrogen  '' 

dissolved  organic  carbon  '  ^  ■' 

Department  of  Defense  ;-' 

Department  of  Energy 
Department  of  the  Interior  ^ 
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DOM  dissolved  organic  material 

DON  dissolved  organic  nitrogen 

DSDP  Deep  Sea  Drilling  Project 

EEZ  Exclusive  Economic  Zone 

EOS  Earth  Observing  System 

EOSDIS  EOS  Data  and  Information  System 

EPA  Environmental  Protection  Agency 

ERS-1  Earth  Resources  Satellite- 1  (European  Space 

Agency) 

ESA  European  Space  Agency 

FCCSET  Federal  Coordinating  Council  for  Science, 

Engineering,  and  Technology 

FLIP  Floating  Instrument  Platform 

FY  Fiscal  Year 

GLOBEC  Global  Ocean  Ecosystems  Dynamics 

GNP  gross  national  product 

GOOS  global  ocean  observing  system 

IR  Infrared  radiometer 

JGOFS  Joint  Global  Ocean  Flux  Study 

JOI  Joint  Oceanographic  Institutions,  Inc. 

JOIDES  Joint  Oceanographic  Institutions  for  Deep 

Earth  Sampling 

M.B,  Marine  biology 

M.C.  Marine  chemistry 

MG  and  G  Marine  geology  and  geophysics 

MIT  Massachusetts  Institute  of  Technology 

MMS  Minerals  Management  Service  (DOI) 

MR  Microwave  radiometer 

NADW  North  Atlantic  Deep  Water 

NASA  National  Aeronautics  and  Space 

Administration 

NASDA  Japanese  space  agency 

NOAA  National  Oceanic  and  Atmospheric 

Administration 

NODC  National  Oceanographic  Data  Center 

NRC  National  Research  Council 

NRL  Naval  Research  Laboratory 

NSF  National  Science  Foundation 

OCE  Division  of  Ocean  Sciences  (NSF) 

OCF  Oceanographic  Centers  and  Facilities  (NSF) 

OCS  outer  continental  shelf 

ODP  Ocean  Drilling  Program 

O.E.  Ocean  engineering 
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ITT 


183 


ONR 

ONT 

OSB 

OSC 

OSRS 

PI 

P.O. 

POM 

RIDGE 

ROV 

R/V 

SAR 

SCAT 

SeaWiFS 

SIO 

TOGA 
TOPEX/Poseidon 


UH 
UNOLS 

USCG 

USGS 

UW 

VOS 

WHO! 

WOCE 


Office  of  Naval  Research 

Office  of  Naval  Technology 

Ocean  Studies  Board 

Orbital  Sciences  Corporation 

Ocean  Science  Research  Support  (NSF) 

principal  investigator 

Physical  oceanography 

particulate  organic  material 

Ridge  Inter-Disciplinary  Global  Experiment 

remotely  operated  vehicle 

research  vessel 

synthetic  aperture  radar 

Scatterometer 

Sea-viewing  Wide  Field  Sensor;  an  ocean 

color  satellite  instrument 
Scripps  Institution  of  Oceanography 
Tropical  Ocean-Global  Atmosphere  program 
Joint  NASA/French  Space  Agency  venture  to 

measure  the  surface  topography  of  the 

ocean  with  great  precision 
University  of  Hawaii 
University-National  Oceanographic 

Laboratory  System 
U.S.  Coast  Guard 
U.S.  Geological  Survey  (DOI) 
University  of  Washington 
volunteer  observing  ships 
Woods  Hole  Oceanographic  Institution 
World  Ocean  Circulation  Experiment 
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Recent  Workshop  and 

Other  Reports  Relevant  to 

Discussion  in  '^Directions  in 

Biological  Oceanography" 


Atlantic  Climate  Change  Program  Science  Plan.  1990.  NOAA 
Climate  and  Global  Change  Program  Special  Report  No.  2. 
University  Corporation  for  Atmospheric  Research,  Boulder, 
Colorado,  29  pp. 

Atmosphere-Ocean  Exchange  of  Carbon  Dioxide:  Implications  for 
Climate  and  Global  Change  on  Seasonal-to-Century  Time-Scales. 
1990.  NOAA  Climate  and  Global  Change  Program  Special 
Report  No.  3.  University  Corporation  for  Atmospheric  Re- 
search, Boulder,  Colorado,  31  pp. 

Brink,  K.H.  and  others.  1990.  Coastal  Ocean  Processes  (CoOP): 
Results  of  an  Interdisciplinary  Workshop.  Contribution  No. 
7584,  Woods  Hole  Oceanographic  Institution,  Woods  Hole,  Mas- 
sachusetts,   51  pp. 

Coastal  Ocean  Margin  Flux  Study  (COMFS).  1988.  A  new  DOE 
research  initiative.  Marine  Research  Program,  Office  of  Energy 
Research,  Department  of  Energy,  Washington,  D.C.,  25  pp. 

Deep  Sea  Observatories.  1989.  Report  of  a  conference  to  assess 
near-term  opportunities  and  long-range  goals  of  deep-sea  ob- 
servatories (DSOs).  Woods  Hole  Oceanographic  Institution, 
Woods  Hole,  Massachusetts,  54  pp. 

Dynamics  of  the  continental  margins:  A  report  to  the  U.S.  De- 
partment of  Energy.  1990.  Report  NTIS-PR-360,  National  Technical 
Information  Service,  Springfield,  Virginia,  55  pp. 
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Eden,  H.F.,  and  C.N.K.  Mooers.  1990.  Coastal  Ocean  Prediction 
Systems.    Synopsis.  JOI,  Inc.,  Washington,  D.C.,  20  pp. 

Global  Ocean  Ecosystems  Dynamics.  1988.  Report  of  a  workshop 
on  global  ocean  ecosystems  dynamics.  JOI,  Inc.,  Washington, 
D.C.,  131  pp. 

Global  Ocean  Ecosystems  Dynamics.  1991.  GLOBEC  Workshop 
on  Biotechnology  Applications  to  Field  Studies  of  Zooplank- 
ton.  Report  Number  3.    JOI,  Inc.,  Washington,  D.C. 

Global  Ocean  Ecosystems  Dynamics,  1991.  Initial  Science  Plan. 
Report  Number  1.    JOI,  Inc.,  Washington,  D.C.,  93  pp. 

Global  Ocean  Ecosystems  Dynamics.  1991.  Theory  and  Model- 
ing in  GLOBEC:  A  first  step.    JOI,  Inc.,  Washington,  D.C. 

Global  Ocean  Observing  Systems  Workshop  Report.  In  press.  JOI, 
Inc.,  Washington,  D.C. 

International  Geosphere-Biosphere  Programme  (IGBP).  1990.  Coastal 
Ocean  Fluxes  and  Resources.    IGBP  Report  Number  14.  53  pp. 

Joint  Global  Ocean  Flux  Study.  1989.  Report  of  the  JGOFS  Pacific 
Planning 

Workshop,  Honolulu.  JGOFS  Report  Number  3.  Scientific  Com- 
mittee on  Oceanic  Research-International  Council  of  Scien- 
tific Unions.    68  pp. 

Joint  Global  Ocean  Flux  Study  Science  Plan.  1990.  JGOFS  Report 
No.  5.  Scientific  Committee  on  Oceanic  Research-International 
Council  of  Scientific  Unions. 

Joint  Oceanographic  Institutions,  Inc.  1990.  Initiatives  for  the 
accelerated  transfer  of  biotechnology  to  the  ocean  sciences. 
Report  of  a  workshop  held  September  16-18,  1988.  Tucson, 
Arizona,    40  pp. 

Recruitment  Processes  and  Ecosystem  Structure  of  the  Sea.  1987. 
A  report  of  a  workshop.  National  Academy  Press.  Washing- 
ton, D.C,    42  pp. 

Sarachik,  E.S.,  and  R.H.  Gammon.  1989.  The  role  of  the  ocean  in 
the  NOAA  program  '"Climate  and  Global  Change."  NOAA  Climate 
and  Global  Change  Program  Special  Report  No.  1.  University 
Corporation  for  Atmospheric  Research,  Boulder,  Colorado,  49 
pp. 

U.S.  Joint  Global  Ocean  Flux  Study  Long  Range  Plan.  1990.  U.S. 
JGOFS  Planning  Report  Number  11.  U.S.  JGOFS  Planning 
Office,  Woods  Hole  Oceanographic  Institution,  Woods  Hole, 
Massachusetts,  71  pp.  plus  appendixes. 
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Oceanography  Manpower 

Assessment  Questionnaire 

(Academic  Form) 


1.  Indicate  the  number  of  Ph.D.  level  staff  (including  post-docs)  in 
your  laboratory  or  department  by  sub-discipline  from  1970-90. 


B.O./M.B. 

C.O./M.C. 

MG&G 


1970 


1975 


1980 


1985 


1990 


P.O. 

O.E. 

B.O./M.B. 

C.O./M.C. 

MGSkG 

P.O. 

O.E. 


Biological  Oceanography/Marine  Biology 
Chemical  Oceanography/Marine  Chemistry 
Marine  Geology  and  Geophysics 
Physical  Oceanography 
Ocean  Engineering 
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2.  Indicate  the  number  of  Ph.D.  level  staff  by  rank  (Post-Doc, 
Assistant,  Associate  or  Full  Professors  or  equivalent  research  ap- 
pointment) from  1970-90. 

1970  1975  1980  1985  1990 

Post-Doc  

Assist.  Prof.       

Assoc.  Prof.        

Full  Prof.  

3.  Indicate  the  present  age  distribution  of  your  Ph.D.  level  staff 
(i.e.,  faculty  and  staff  with  Principal  Investigator  status) 

Number  of  Ph.D.s 

B.O./M.B.  C.O./M.C.  MG&G  P.O.  O.E. 

<30  

30-40  __  

40-50  

50-60  

>60  


4.  Indicate  the  average  number  of  months/years  of  institutional 
salary  support  ("hard  money")  provided  to  your  Ph.D.  level  staff, 
including  research  series  for  each  rank  or  its  equivalent  for  1990 
for  the  most  recent  year  available.  Please  exclude  administrative 
support. 

Months/year 
Post-doctoral  Fellow  


Assistant  Professor 
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Associate  Professor  

Full  Professor  

5.  Estimate  (if  possible)  the  number  of  Ph.D.  level  positions  (re- 
placement and  new)  that  you  anticipate  filing  in  the  next  five 
years.  What  percentage  of  these  will  be  institutionally  supported 
(in  average  months  per  year)? 

B.O./M.B.  C.O./M.C.  MG&G  P.O.  O.E. 

Replacement      

New  ^  

%  Supported      

6.  histitution  name  (will  be  kept  confidential) 


'  J  x'  >  i 
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Oceanography  Manpower 

Assessment  Questionnaire  (Federal 

Laboratory  Form) 


1.  Indicate  the  number  of  Ph.D.  level  staff  (including  post-docs)  in 
your  laboratory  or  department  by  sub-discipline  from  1970-90. 

1970  1975  1980  1985  1990 

B.O./M.B.  

C.O./M.C.  

MG&G         ~ '; 

P.O.  

O.E.  

B.O./M.B.    =  Biological  Oceanography/Marine  Biology 

C.O./M.C.  =  Chemical  Oceanography/Marine  Chemistry 

MG&.G        =  Marine  Geology  and  Geophysics 

P.O.  =  Physical  Oceanography 

O.E.  =  Ocean  Engineering 
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2.  Indicate  the  present  age  distribution  of  your  Ph.D.  level  staff 
(i.e.,  faculty  and  staff  with  Principal  Investigator  status). 

Number  of  Ph.D.s 

B.O./M.B.  C.O./M.C.  MG&G  P.O.  O.E. 

<30  

30-40  

40-50  

50-60  

>60 


3.  Estimate  (if  possible)  the  number  of  Ph.D.  level  positions  (re- 
placement) and  new  that  you  anticipate  filling  in  the  next  five 
years. 

B.O./M.B.   C.O./M.C.  MGSlG       P.O.  O.E. 

Replacement      

New  

4.  Laboratory  name  (will  be  kept  confidential) 

Principal  source  of  funding  
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Institutional  Respondents 
to  Manpower  Survey 


^  - 


Benedict  Estuarine  Research  Laboratory 

Columbia  University,  Lamont-Doherty  Geological  Observatory 

Dauphin  Island  Sea  Lab,  Marine  Environmental  Sciences 

Duke  University  Marine  Laboratory 

Florida  State  University,  Department  of  Oceanography 

Harbor  Branch  Oceanographic  Institute,  Inc. 

Louisiana  Universities  Marine  Consortium  (LUMCON) 

Monterey  Bay  Aquarium  Research  Institute 

Moss  Landing  Marine  Laboratories 

Mote  Marine  Laboratory 

New  Jersey  Marine  Sciences  Consortium 

North  Carolina  State  University,  Department  of  Marine,  Earth 

and  Atmospheric  Science 
Nova  University  Oceanographic  Center 
Old  Dominion  University,  Department  of  Oceanography 
Oregon  State  University,  College  of  Oceanography 
Roger  Williams  College,  School  of  Science  and  Mathematics 
Skidaway  Institute  of  Oceanography 
State  University  of  New  York-Stony  Brook,  Marine  Sciences 

Research  Center 
Texas  A&.M  University,  College  of  Geosciences,  Department  of 

Oceanography 
University  of  Alaska,  Institute  of  Marine  Science 
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University  of  California-San  Diego,  Scripps  Institution  of 

Oceanography 
University  of  California-Santa  Barbara,  Geology  Department 
University  of  California-Santa  Barbara,  Marine  Science  Institute 
University  of  Delaware,  College  of  Marine  Studies 
University  of  Georgia,  UGA-Marine  Institute 
University  of  Hawaii,  Hawaii  Institute  of  Geophysics 
University  of  Maine,  Center  for  Marine  Studies 
University  of  Maryland,  Center  for  Environmental  and  Estuarine 

Studies 
University  of  Miami,  Rosenstiel  School  for  Marine  and 

Atmospheric  Sciences 
University  of  Michigan,  Center  for  Great  Lakes  and  Aquatic 

Sciences 
University  of  New  Hampshire 

University  of  Puerto  Rico,  Department  of  Marine  Sciences 
University  of  Rhode  Island,  Graduate  School  of  Oceanography 
University  of  Southern  Mississippi,  Center  for  Marine  Science 
University  of  South  Florida,  Department  of  Marine  Science 
University  of  Texas  at  Austin,  Institute  for  Geophysics 
University  of  the  Virgin  Islands 

University  of  Washington,  College  of  Ocean  and  Fishery  Sciences 
Virginia  Institute  of  Marine  Science,  School  of  Marine  Science 
Woods  Hole  Oceanographic  Institution 


•n:^:o-r. 
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Federal  Respondents  to 
Manpower  Survey 


Department  of  the  Army 

•  U.S.  Army  Corps  of  Engineers 

Department  of  Commerce,   National  Oceanic  and  Atmospheric 
Administration 

•  Environmental  Research  Laboratories  (Office  of  Ocean  and 
Atmospheric  Research) 

•  Geodetic  Research  Laboratory  (National  Ocean  Service) 

•  National  Marine  Fisheries  Service  laboratories 

•  Marine  Mammal  Laboratory  (separate  data  as  opposed  to 
first  three) 

Department  of  Energy 

•  Argonne  National  Laboratory 

•  Brookhaven  National  Laboratory 

•  Oak  Ridge  National  Laboratory 

•  Pacific  Northwest  Laboratory  [Battelle  Marine  Sciences  Labo- 
ratory] 

•  Savannah  River  Laboratory 

Department  of  the  Interior 

•  U.S.  Geological  Survey 
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Department  of  the  Navy 

•  Naval  Research  Laboratory  (Code  1005) 

•  Office  of  Naval  Research  (Codes  11  and  12) 

Department  of  Transportation 

•  Coast  Guard  Academy 

•  U.S.  Coast  Guard  Research  and  Development  Center  (Groton) 
(•)  International  Ice  Patrol  (3  Ph.D.  principal  investigations  since 

1983),  Oceanographic  Unit  (closed  1982) 

National  Aeronautics  and  Space  Administration 

•  Goddard  Oceans  and  Ice  Branch 

•  Headquarters 
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biogeochemical  processes,  66, 
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Carbon  Dioxide  Program,  DOE, 
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program,  DOE,  43 
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The  National  Academy  of  Sciences  is  a  private,  nonprofit,  self-perpetuating  society  of  distinguished 
scholars  engaged  in  scientific  and  engineering  research,  dedicated  to  the  furtherance  of  science  and 
technology  and  to  their  use  for  the  general  welfare.  Upon  the  authority  of  the  charter  granted  to  it  by 
the  Congress  in  1863,  the  Academy  has  a  mandate  that  requires  it  to  advise  the  federal  government  on 
scientific  and  technical  matters.  Dr.  Bruce  Alberts  is  president  of  the  National  Academy  of  Sciences. 

The  National  Academy  of  Engineering  was  established  in  1964,  under  the  charter  of  the  Na- 
tional Academy  of  Sciences,  as  a  parallel  organization  of  outstanding  engineers.  It  is  autonomous  in 
its  administration  and  in  the  selection  of  its  members,  sharing  with  the  National  Academy  of  Sciences 
the  responsibility  for  advising  the  federal  government.  The  National  Academy  of  Engineering  also 
sponsors  engineering  programs  aimed  at  meeting  national  needs,  encourages  education  and  research, 
and  recognizes  the  superior  achievements  of  engineers.  Dr.  Harold  Liebowitz  is  president  of  the 
National  Academy  of  Engineering. 

The  Institute  of  Medicine  was  established  in  1970  by  the  National  Academy  of  Sciences  to 
secure  the  services  of  eminent  members  of  appropriate  professions  in  the  examination  of  policy 
matters  pertaining  to  the  health  of  the  public.  The  Institute  acts  under  the  responsibility  given  to  the 
National  Academy  of  Sciences  by  its  congressional  charter  to  be  an  adviser  to  the  federal  government 
and,  upon  its  own  initiative,  to  identify  issues  of  medical  care,  research,  and  education.  Dr.  Kenneth 
I.  Shine  is  president  of  the  Institute  of  Medicine. 

The  National  Research  Council  was  organized  by  the  National  Academy  of  Sciences  in  1916  to 
associate  the  broad  community  of  science  and  technology  with  the  Academy's  purposes  of  furthering 
knowledge  and  advising  the  federal  government.  Functioning  in  accordance  with  general  policies 
determined  by  the  Academy,  the  Council  has  become  the  principal  operating  agency  of  both  the 
National  Academy  of  Sciences  and  the  National  Academy  of  Engineering  in  providing  services  to  the 
government,  the  public,  and  the  scientific  and  engineering  communities.  The  Council  is  administered 
jointly  by  both  Academies  and  the  Institute  of  Medicine.  Dr.  Bruce  Alberts  and  Dr.  Harold  Liebowitz 
are  chairman  and  vice-chairman,  respectively,  of  the  National  Research  Council. 
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Preface 


As  the  United  States  adjusts  to  the  end  of  the  Cold  War,  global  competitive- 
ness is  joining  military  preparedness  as  a  national  goal.  The  federal  government 
is  striving  to  achieve  the  proper  balance  between  defense  and  domestic  spending; 
consequently,  greater  emphasis  is  being  placed  on  maximizing  return  on  federal 
investment  in  research  and  development.  Any  activity  that  leads  to  more  produc- 
tive use  of  U.S.  research  dollars  leads  to  a  healthier  economy  and  strengthens  the 
national  defense.  The  Department  of  the  Navy  is  therefore  exploring  the  nonmili- 
tary  benefits  of  naval  technology.  As  discussed  in  a  report  of  the  National 
Research  Council's  Ocean  Studies  Board  (OSB)  Oceanography  in  the  Next  De- 
cade: Building  New  Partnerships: 

Economic  prosperity  in  a  global  marketplace  dep)ends  increasingly  on  technical 
and  scientific  applications.  There  is  concern  about  the  ability  of  the  United 
States  10  compete  with  Europe  and  Asia.  Basic  and  applied  research  in  the 
marine  sciences  and  engineering  is  necessary  to  achieve  and  maintain  a  compet- 
itive position  in  a  host  of  fields,  including  marine  biotechnology,  aquaculture, 
hydrocarbon  and  mineral  exploration  and  production,  maribrae  transportation, 
fisheries,  treatment  and  disposal  of  waste,  and  freshwater  extraction.  (National 
Research  Council,  1992a,  p.  3-4) 

Effective  military  use  of  the  considerable  scientific  and  engineering  resources 
represented  by  the  Office  of  Naval  Research  (ONR),  Department  of  the  Navy, 
relies  on  adequate  and  timely  transfer  of  research  and  technology  to  the  fleet.  To 
maximize  the  nonmilitary  benefits  of  naval  research,  similar  accomplishments 
must  be  achieved  in  domestic  technology  transfer. 
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PREFACE 


To  help  ONR  improve  its  technology  transfer  efforts,  James  DeCorpo,  Di- 
rector of  the  Ocean,  Atmosphere,  and  Space  Department  of  ONR,  requested  that 
the  OSB  review  the  status  of  technology  research  in  ONR  laboratories  and  rec- 
ommend programs  that  would  serve  to  meet  science  and  technology  needs  of  the 
Navy,  other  agencies,  industry,  and  academia.  The  OSB  formed  the  Committee 
on  Alternative  Uses  of  Naval  Technology  in  response  to  this  request.  The  com- 
mittee was  further  requested  to  produce  a  report  detailing  (1)  how  ONR  now 
interacts  with  industry,  (2)  how  those  avenues  of  interaction  may  be  improved, 
and  (3)  future  areas  of  technology  research  that  may  be  appropriate  for  ONR  to 
pursue,  which  might  have  applications  to  interests  outside  the  Navy.  The  com- 
mittee did  not  discuss  specific  areas  of  basic  research  for  ONR  to  pursue  in  the 
future  (the  OSB  has  provided  such  advice  in  more  than  12  recent  reports  to 
ONR),  but  rather  focused  on  establishing  future  technology  needs  of  the  nonmili- 
tary  industrial  marine  sector.  This  report.  Expanding  the  Uses  of  Naval  Ocean 
Science  and  Technology,  offers  advice  that  should  lead  to  a  more  effective  trans- 
fer of  technology  from  ONR-sponsored  scientists  and  laboratories  to  the  nonmili- 
tary  marine  sector.  More  effective  use  of  U.S.  defense  research  dollars  could 
serve  to  strengthen  scientific  research,  marine  transportation,  economic  develop- 
ment, and  global  competitiveness. 


WILLIAM  MERRELL 

Ocean  Studies  Board,  Chairman 
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Executive  Summary 


Following  the  end  of  the  Cold  War,  the  U.S.  Department  of  Defense  (DOD) 
began  exploring  use  of  defense  technology  by  interests  outside  the  miUtary .  The 
Office  of  Naval  Research  (ONR),  including  the  Naval  Research  Laboratory  and 
ONR-supported  scientists  and  engineers  at  various  research  centers  (e.g.,  the 
Naval  Surface  Warfare  Center;  the  Naval  Field  Engineering  System  Center,  for- 
merly known  as  the  Naval  Civil  Engineering  Laboratory)  and  in  academia,  is  a 
leader  in  oceanographic  research  and  development  of  marine  technologies.  Tech- 
nologies developed  by  ONR  or  through  ONR  funding  may  be  useful  to  other 
government  agencies  (federal,  state,  and  local),  private  industries,  and  academic 
scientists.  The  effective  transfer  of  technology  from  DOD  and  its  contractors  to 
the  civilian  sector  (e.g.,  academia,  industry)  is  important  for  maintaining  a  strong 
national  defense.  Establishing  closer  links  between  ONR  research  and  develop- 
ment (R«feD)  activities  and  nonmilitary  users  of  marine  technology  may  improve 
the  effectiveness  of  U.S.  research  dollars  and  stimulate  economic  growth. 

The  Ocean  Studies  Board  of  the  National  Research  Council  was  asked  to 
review  ONR  progiams,  identify  the  needs  of  academia  and  the  nonmilitary  ma- 
rine industry,  and  suggest  ways  to  facilitate  the  transfer  of  naval  research  and 
technology  to  nonmilitary  users.  ONR  and  ONR-sponsored  scientists  and  engi- 
neers conduct  research  and  develop  technology  in  a  wide  area  (e.g.,  aeronautics, 
space  science,  ballistics)  with  potential  interest  to  an  equally  broad  range  of 
nonmilitary  industries  and  researchers.  To  provide  a  review  that  was  both  timely 
and  comprehensive,  the  committee  focused  its  attention  on  ONR-supported  ac- 
tivities in  ocean  science  and  technology  development.  The  committee  studied  the 
potential  uses  of  ONR-supported  marine  technology  outside  the  Navy  by  examin- 


551 


2  EXPANDING  THE  USES  OF  NAVAL  OCEAN  SCIENCE  AND  TECHNOLOGY 

ing  existing  ONR  programs  and  reviewing  the  needs  of  academic  marine  scien- 
tists, marine  industries,  and  government  agencies.  The  committee  could  not 
explore  all  possible  industrial  applications  of  ONR  technology  but  instead  fo- 
cused its  attention  on  four  important  marine  user  groups:  (I)  the  oil  and  gas 
industry  (i.e.,  exploration,  production,  and  pipeline  operation),  (2)  fisheries,  (3) 
environmental  companies,  and  (4)  marine  equipment  and  service  providers.  Be- 
cause of  their  economic  dominance,  these  four  groups  represent  that  segment  of 
the  nonmilitary,  marine  industrial  sector  that  the  committee  concluded  could 
benefit  the  most  from  future  ONR-supported  research  and  technology  develop- 
ment. Examples  of  successful  technology  transfer  strategies  and  programs  em- 
ployed by  the  National  Aeronautics  and  Space  Administration  were  also  exam- 
ined. 

Information  provided  by  representatives  of  ONR  and  the  nonmiUtary  sector 
at  committee  meetings,  as  well  as  the  resulting  discussions,  demonstrated  that 
only  a  relatively  small  portion  of  the  available  marine  technology  developed  by 
ONR  is  being  used  by  the  nonmihtary  sector.  The  degree  of  transfer  and  causes 
of  any  suboptimal  transfer  differ  for  various  user  groups  (e.g.,  academic  scientists 
versus  small  commercial  service  providers).  Despite  this  complexity,  two  themes 
emerged  from  the  information  gathered:  (1)  ONR  appears  to  lack  a  suitable 
system  to  measure  and  reward  successful  transfer  of  technology  to  the  nonmih- 
tary sector,  and  (2)  ONR  does  not  appear  to  be  sufficiently  aware  of  private  sector 
needs  to  target  its  technology  transfer  efforts  effectively.  The  committee  devel- 
oped specific  findings  and  recommendations  related  to  ONR  R&D  and  associated 
technology  transfer  programs. 

ONR  RESEARCH  AND  TECHNOLOGY  DEVELOPMENT 

Finding:  The  Office  of  Naval  Research  supports  leading-edge  research  and 
development  (R&D)  in  many  areas  of  ocean  science  and  technology  with  appli- 
cations for  nonmihtary  users. 

ONR-supported  research  accounts  for  a  tremendous  array  of  leading-edge 
scientific  discoveries  and  technological  developments  with  potential  application 
to  nonmilitary  problems  (see  Chapter  4).  These  products  range  from  coatings  and 
materials  to  reduce  ship  corrosion  at  sea  to  sophisticated  computer  models  for 
predicting  the  fate  and  transport  of  oil  spills  (see  Chapter  2).  The  high-quaUty 
scientific  research  and  technology  development  supported  by  ONR  are  an  impor- 
tant component  of  the  Navy's  efforts  to  maintain  combat  readiness  and  tactical 
advantage.  The  com.mittee  recognizes  that  R&D  supported  by  ONR  is  of  vital 
importance  to  fleet  effectiveness  and  national  defense.  Many  of  ONR's  marine 
research  programs  and  the  resulting  products,  as  well  as  the  expertise  they  repre- 
sent, have  no  equivalent  in  the  nonmilitar>'  sector. 
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Recommendation:  ONR  should  continue  to  fund  and  nurture  long-range  marine 
research  and  technology  development.  These  efforts  should  be  coupled  with  the 
education  and  training  of  scientific  and  engineering  personnel  in  ocean  science 
and  technology. 

STATUS  OF  TECHNOLOGY  TRANSFER  AT  ONR 

Finding:  Federal  agencies  are  mandated  by  public  law  to  transfer  technology 
(see  Appendix  C).  The  transfer  of  ocean  science  and  technology  within  the  Navy 
and  to  other  government  agencies,  and  to  a  large  extent,  to  academia,  appears  to 
be  adequate.  Technology  transfer  to  the  nonmilitary  commercial  sector,  by  con- 
trast, is  clearly  inadequate.  This  inadequacy  is  particuliu"ly  evident  in  the  transfer 
of  technology  to  major  U.S.  corporations  that  lack  a  history  of  involvement  with 
ONR  and  to  small  companies  (less  than  100  employees  and  less  than  $30  million 
in  revenues)  of  all  types. 

Representatives  of  marine  industries  indicated  to  the  committee  that  there  is 
little  direct  involvement  by  ONR  in  commercial  offshore  R&D  activity.  An 
examination  of  the  few  measures  of  performance  available  (e.g.,  participation  by 
ONR  in  cooperative  R&D  agreements,  number  of  patents  licensed)  seems  to 
support  this  view  (see  Chapter  3). 

Recommendation:  ONR  should  allocate  sufficient  resources  to  ensure  the  suc- 
cess of  technology  transfer  to  the  domestic  nonmilitary  sector  in  ocean  science 
and  technology. 

TECHNOLOGY  TRANSFER  AT  ONR:  THE  ORGANIZATION 

Finding:  Even  though  an  organizational  structure  apparently  exists  to  facilitate 
domestic  technology  transfer  by  ONR,  the  existing  process  is  primarily  ad  hoc 
and  reactive  rather  than  proactive. 

Industries  that  do  not  have  a  connection  to  ONR  find  it  difficult  and  costly  to 
gain  access  to  information  available  at  ONR.  The  perception  is  that  there  is 
valuable  technology  at  ONR  but  that  existing  mechanisms  are  not  adequate  to 
promote  the  development  of  this  technology  for  commercial  purposes  (see  Chap- 
ter 3).  For  these  and  other  reasons,  simply  introducing  financial  or  personnel 
management  poUcies  may  fail  to  stimulate  the  technology  interchange  desired. 
There  is  a  need  for  a  new  organizational  mechanism  that  acknowledges  the  pri- 
vate sector  as  the  best  judge  of  what  technology  it  needs,  at  what  cost,  and  on 
what  timetable  (see  Chapter  5).  ONR  does  not  possess  the  experience  and  per- 
spective required  to  make  such  determinations  without  significant  input  from  the 
user  community. 
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RecommendatiGn:  ONR  needs  to  tal-ce  a  more  proactive  role  in  domestic  tech- 
nology transfer  in  ocean  science  and  technology.  This  can  be  accomplished  using 
a  combination  of  strategies,  including  organizational  realignment,  electronic  da- 
tabases, newsletters,  sponsored  forums  and  workshops,  professional  association 
meetings,  personal  communication  among  principal  investigators,  and  funding 
incentives  within  ONR  for  programs  that  facilitate  commercial  product  develop- 
ment. The  existing  programs  intended  to  promote  communication  between  ONR 
and  the  nonmilitary  sector  should  be  used  to  determine  industry  needs. 

TECHNOLOGY  TRANSFER  AT  ONR:  THE  INDIVIDUAL 

Finding:  Few  incentives  apparently  exist  within  ONR  to  promote  domestic 
technology  transfer  at  the  level  of  administrative  program  managers  and  investi- 
gators. 

Investigators  both  within  and  outside  of  the  Navy  are  motivated  to  produce 
superior  research  or  develop  new  technology  so  they  may  receive  continued 
funding  or  peer  recognition.  Similar  inducements  do  not  exist  to  leverage  R&D 
efforts  for  application  beyond  their  originally  intended  use.  ONR  investigators 
are  well  intentioned,  but  to  take  further  advantage  of  R&D  expenditures,  addi- 
tional incentives  are  required  to  encourage  an  increased  focus  on  technology 
transfer  (see  Chapter  5).  The  importance  of  exploiting  (or  leveraging)  technol- 
ogy must  become  a  performance  objective  of  the  entire  ONR  organization.  As 
the  principal  executive  of  ONR,  the  Chief  of  Naval  Research  needs  to  create 
plans  for  the  transfer  of  technology  with  specific  objectives  and  milestones  for 
accomplishment.  Although  it  is  beyond  the  purview  of  this  study  to  recommend 
specific  program  goals  and  levels  of  performance  to  ONR,  these  plans  should 
reflect  a  program-wide  priority  on  technology  transfer  to  the  nonmilitary  sector. 
Progress  toward  achieving  these  objectives  should  be  managed  like  any  other 
development  project  and  progress  should  be  reported  on  a  regular  basis.  Indi- 
vidual performance  objectives  should  be  established,  beginning  with  top  ONR 
executives  and  including  all  team  leaders  and  laboratory  investigators.  Individu- 
als should  be  rewarded  or  recognized  on  the  basis  of  achievement  measured 
against  these  objectives.  To  ensure  the  success  of  technology  transfer,  effective 
training  will  be  required  to  enable  all  employees  to  understand  the  goals  and 
mechanisms  of  a  successful  technology  transfer  program. 

Recommendation:  Incentives  need  to  be  provided  at  the  program  level,  and 
measures  of  performance  established  at  the  executive  level,  to  promote  domestic 
technology  transfer.  The  Chief  of  Naval  Research  needs  to  provide  executive 
leadership  and  operational  training  at  all  levels  of  the  organization  to  implement 
an  effective  technology  transfer  policy. 
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Introduction 


Technology  transfer  from  the  federal  defense  sector  to  the  domestic  nonmili- 
tary  sector  is  a  goal  supported  by  several  administrations  and  mandated  by  more 
than  a  decade  of  legislation  (Appendix  C).  The  use  of  military  technology  for 
nonmiiitary  needs  (i.e.,  defense  conversion),  and  the  development  of  new  mili- 
tary technologies  in  conjunction  with  industry  for  joint  benefit  (i.e.,  dual  use)  can 
provide  cost  savings  and  improve  efficiency  both  in  the  Department  of  Defense 
(DOD)  and  in  the  private  nonmiiitary  sector.  Savings  from  reducing  the  size  of 
the  military  could  then  be  used  to  stimulate  the  U.S.  economy  (Naval  Research 
Advisory  Committee.  1993).  The  Chnton  administration  supports  a  technology 
poUcy  intended  to  strengthen  U.S.  industrial  competitiveness,  create  high-quality 
jobs,  coordinate  management  of  technology  across  all  government  agencies,  cre- 
ate partnerships  betv/een  the  public  and  private  sectors,  and  redirect  the  nation's 
technical  resources  to  civiUan  uses  (Naval  Research  Advisory  Committee,  1993). 

The  purpose  of  the  DOD  domestic  technology  transfer  policy,  as  stated  in 
DOD  Report  3200.i2-R-4,  is  "to  achieve  the  maximum  national  benefit  from 
DOD  scientific  and  technical  efforts"  pOD,  1988).  Report  3200.12-R-4  lists 
several  policy  statements  supporting  this  goal: 

1 .  Encourage  the  dissemination  of  scientific  and  technical  information,  data 
and  know-how  developed  by  or  for  the  Department  of  Defense  to  State  and 
local  governments  and  to  the  private  sector,  consistent  with  the  requirements  of 
U.S.  national  security. 

2.  Promote  the  sharing  of  technology  that  ''osters  the  advance  of  science  or 
that  has  commercial  potential  and  thus  should  be  employed  to  best  advantage 
for  the  security  and  socioeconomic  well-being  of  the  United  States. 
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3.  Support  coordination  between  the  industrial,  academic,  and  Government 
R&D  (research  and  development)  activities  of  the  United  States  by  cooperating 
in  the  sharing  of  plans  for  future  research  efforts  and  the  sharing  of  facilities  as 
appropriate. 

4.  Support  cooperative  efforts  to  stimulate  industrial  innovation,  especially 
in  small  businesses. 

5.  Support  and  encourage  the  exchange  of  scientific  and  technical  person- 
nel among  academic,  industry,  and  the  DOD  laboratories. 

6.  Support  the  domestic  technology  transfer  process  as  an  integral  part  of 
the  R&D  effort  and  incorporate  domestic  technology  transfer  objectives  into  the 
mission  of  each  appropriate  R&D  activity. 

7.  Encourage  domestic  technology  transfer  in  the  work  place  through  its 
recognition  in  position  descriptions,  in  promotion  policies,  in  monetary  awards, 
and  in  performance  evaluations  for  appropriate  scientific  and  engineering  per- 
sonnel. 

8.  Ensure  that  R&D  activities  have  at  least  one  full-time  equivalent  position 
responsible  for  performing  the  functions  of  an  Office  of  Research  and  Technol- 
ogy Applications  (ORTA)  at  any  activity  having  over  200  full-time  equivalent 
professional  scientific,  engineering  and  related  technical  personnel.  A  full-time 
position  for  any  activity  with  less  that  200  professional  scientific  and  engineer- 
ing personnel  is  optional. 

9.  Ensure  that  domestic  technology  transfer  functions  do  not  compete  sub- 
stantially with  similar  services  available  in  the  private  sector. 

10.  Ensure  that  the  Domestic  Technology  Transfer  Program  does  not  conflict 
with  export  control  regulations,  policies  governing  militarily  critical  technolo- 
gy, policy  requirements  of  recouping  DOD  nonrecurring  costs,  or  any  of  the 
responsibilities  and  procedures  for  technology  transfer  control  in  DOD  Direc- 
tives, Instrjctions,  and  publications  .... 

1 1 .  Identify  and  encourage  persons  to  act  as  conduits  between  and  among 
Federal  laboratories,  universities,  and  the  private  sector  for  the  transfer  of  tech- 
nology developed  from  federally  funded  R&D  efforts. 

12.  Ensure  that  State  and  local  governments,  universities  and  the  pnvate 
sector  are  provided  with  information  on  the  technology,  expertise,  and  facilities 
available  in  Federal  laboratories. 

Source;  Department  of  Defense  (1988). 

To  ensure  that  these  12  policies  are  carried  out  and  to  comply  with  Public 
Law  96-480,  DOD  3200.12-R-4  required  that  0.5  percent  of  the  total  research  and 
development  (R&D)  budget  for  each  DOD  budget  component  be  used  to  promote 
domestic  technology  transfer  (DOD,  1988).  DOD  3200.I2-R-4  also  stated  that  a 
waiver  could  be  obtained  from  Congress  at  the  time  of  budget  submission  if 
alternative  methods  of  conducting  technology  transfer  were  provided.  Subse- 
quent changes  to  this  provision  were  affected  by  enactment  of  Public  Law  101- 
1 89,  which  substituted  language  referring  to  any  specific  level  of  funding  ex- 
pressed as  a  percentage  of  the  R&D  budget  with  "each  Federal  agency  which 
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operates  or  directs  one  or  more  Federal  Laboratories  shall  make  available  suffi- 
cient funding  ...  to  support"  technology  transfer.  The  level  of  funding  actually 
committed  to  facilitating  technology  transfer  is  therefore  variable  and  is  one 
indicator  of  the  Navy's  commitment  to  accomplish  this  important  goal  on  a  year- 
to-year  basis. 

Despite  enactment  of  legislation  and  programs  to  encourage  and  even  man- 
date technology  transfer,  the  defense  industry  as  a  whole  has  not  had  a  high 
success  rate  in  defense  conversion  (Naval  Research  Advisory  Committee,  1993). 
The  most  successful  technology  transfer  efforts  have  involved  aerostructures,  as 
the  needs  of  the  commercial  aerospace  market  are  similar  to  those  of  the  defense 
market.  In  areas  without  such  a  clear  hnk  to  defense,  there  has  been  less  success 
in  transferring  technology  (Naval  Research  Advisory  Committee,  199?).  Most 
marine  industries  fall  into  the  latter  group.  Information  about  the  needs  of  the 
private  marine  sector  does  not  commonly  reach  the  Navy's  primary  producer  and 
sponsor  of  marine  R&D,  the  Office  of  Naval  Research  (ONR).  Likewise,  infor- 
mation about  marine  technologies  currently  available  and  under  development  at 
ONR  is  not  adequately  conveyed  to  nonmihtary  interests.  This  lack  of  two-way 
communication,  matching  the  "solutions"  that  potentially  exist  at  ONR  with  the 
"problems"  of  the  marine  industry  in  the  nonmiiitary  sector,  forms  a  major  im- 
pediment to  effective  technology  transfer. 

In  response  to  a  request  from  the  Office  of  Naval  Research  (Appendix  A), 
the  Ocean  Studies  Board  (OSB)  of  the  National  Research  Council  (NRC)  formed 
the  Committee  on  Alternative  Uses  of  Naval  Technology.  The  committee  was 
requested  to  produce  a  report  detailing  (1)  how  ONR  now  interacts  with  industry, 
(2)  how  those  avenues  of  interaction  may  be  improved,  and  (3)  future  areas  of 
technology  research  that  may  be  appropriate  for  ONR  to  pursue,  which  might 
have  applications  to  interests  outside  the  Navy.  The  committee  did  not  discuss 
specific  areas  of  future  basic  research  for  ONR  to  pursue  because  the  OSB  has 
provided  such  advice  in  more  than  12  recent  reports  to  ONR  (e.g.,  NRC,  1991, 
1992a,b,  1993a,b,c,d,e,  1994).  The  committee  focused  its  efforts  on  establishing 
the  future  technology  needs  of  a  major  segment  of  the  nonmihtary,  industrial 
sector.  The  phrase  "ocean  science  and  technology  development"  is  used  through- 
out this  report  to  denote  hardware,  software,  patents  (in  process  and  issued),  as 
well  as  scientific  research  and  resultant  knowledge. 

Members  of  the  committee  have  considerable  knowledge  of  marine  science 
and  technology  issues  (Appendix  B).  The  committee  invited  several  ONR  re- 
searchers, as  well  as  representatives  of  key  marine  industries,  to  present  their 
perspectives  on  the  status  of  marine  research  and  technology  transfer.  Three 
meetings  were  held  to  provide  a  forum  for  this  exchange  of  information.  The  first 
meeting  included  presentations  by  ONR  personnel  regarding  marine  technologies 
currently  available  and  under  development.  The  second  meeting  assembled  rep- 
resentatives of  several  marine  industries  and  agencies  to  give  their  views  on 
technology  needs  in  the  near  future  and  the  current  status  of  ONR  technology 
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transfer  efforts.  The  final  meeting  focused  on  information  exchange  by  means  of 
electronic  databases.  From  these  discussions  the  committee  formulated  four 
findings  with  corresponding  recommendations. 

Chapter  2  presents  an  overview  of  areas  of  marine  technology  development 
within  ONR.  Chapter  3  examines  existing  technology  transfer  programs  in  ONR 
and  elsewhere  in  the  federal  government.  Chapter  4  discusses  present  and  future 
needs  of  several  marine  industries  and  evaluates  the  potential  for  ONR  programs, 
outlined  in  Chapter  2,  to  address  those  needs.  Processes  and  approaches  to 
improve  technology  transfer  within  ONR  are  discussed  in  Chapter  5.  Chapter  6 
presents  the  committee's  findings  and  recommendations. 
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Review  of  ONR 
Technology  Research  Programs 


The  Office  of  Naval  Research  (ONR)  is  divided  into  program  codes,  each 
with  a  separate  research  focus  (Figure  1).  Those  with  particular  relevance  to 
ocean  science  and  technology  development  are  ONR  32  (Ocean,  Atmosphere  and 
Space  Science  and  Technology),  ONR  33  (Engineering  Materials  and  Physical 
Science  and  Technology),  and  ONR  34  (Personnel  Optimization  and  Biomo- 
lecular  Science  and  Technology).  ONR  36  (Industrial  Programs)  is  responsible 
for  technology  transfer  for  all  ONR  program  codes.  ONR  also  funds  activities  of 
the  Naval  Research  Laboratory  (NRL).  Programs  at  NRL  are  similarly  divided; 
a  program  of  particular  relevance  to  the  marine  industry  is  NRL  70(X)  (Ocean  and 
Atmospheric  Science  and  Space  Technology). 

Most  ONR-sponsored  ocean  research  and  technology  development  is  con- 
ducted within  the  Ocean,  Atmosphere  and  Space  Science  and  Technology  De- 
partment (ONR  32).  The  mission  of  ONR  32  is  to  provide  the  scientific  and 
technological  base  that  will  maintain  and  expand  the  operational  superiority  of 
the  Navy  and  the  Marine  Corps  in  the  ocean,  atmosphere,  and  utilization  of  space. 
ONR  regards  this  core  area  as  helping  the  Navy  to  "win  the  environment."  Con- 
ducting research  and  developing  technology  to  help  U.S.  naval  forces  obtain  a 
tactical  operational  advantage  is  a  major  focus  for  ONR.  This  effort  includes  all 
areas  of  ocean  science  and  engineering,  from  sensing  and  systems  to  modeling 
and  prediction. 

Divisions  within  ONR  have  recently  been  vertically  integrated  to  facilitate 
the  transition  of  basic  and  apphed  research  from  the  "lab  bench,"  through  explor- 
atory and  advanced  development  to  the  "marketplace,"  which  for  the  Navy  is  the 
fleet.    ONR  is  expanding  its  efforts  to  involve  science  and  technology  team 
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leaders  in  the  operational  exercises  of  the  fleet,  providing  an  opportunity  for 
ONR  staff  to  gain  a  better  understanding  of  the  needs  of  their  primary  customers. 
This  is  also  facihtated  by  teaming  the  federal  funding  category  6.3  (advanced 
development)  managers  with  the  6.1  (basic  and  applied  research)  and  6.2  (explor- 
atory development)  managers. 

ONR  develops  many  products  for  the  Navy  that  have  potential  nonmilitary 
application.  These  products  include  tangible  technology  as  v^'ell  as  information 
contained  in  databases  and  interpreted  through  models.  ONR-supported  research 
and  development  activities  have  resulted  in  a  large  amount  of  tangible  technology 
and  information,  including  instruments  and  sensors,  platforms,  systems  engineer- 
ing methods,  information  technology,  algorithms,  models  and  simulations,  and 
databases,  developed  by  ONR  32  (Steve  Ramberg,  ONR,  personal  communica- 
tion, 1995;  see  Tables  D1-D5  in  Appendix  D). 

A  number  of  key  areas  with  high  potential  for  dual-use  applications  are 
described  in  more  detail  in  subsequent  sections.  These  include  areas  such  as 
remote  sensing,  computer  modeling,  deep-sea  technology,  salvage  and  construc- 
tion methodologies,  and  coatings  and  materials  development. 

REMOTE  SENSING 

Remote  sensing  R&D  at  ONR  32  is  housed  mainly  in  the  Sensing  and  Sys- 
tems Division  (321),  but  aspects  are  also  addressed  in  the  Modeling  and  Predic- 
tion Division  (322).  "Sensing"  includes  detection  of  an  acoustic,  optic,  chemical, 
physical,  or  biological  parameter  of  interest.  "Remote"  sensing  is  often  associ- 
ated with  satellites  or  aircraft,  but  also  includes  the  use  of  underwater  acoustics. 
Remote  sensing  refers  to  the  technology  that  detects  the  signal,  as  well  as  the 
methodology  that  processes  and  models  the  signal. 

The  Sensing  and  Systems  Division  (321)  focuses  on  technology  develop- 
ment in  the  following  areas: 

Ocean  acoustics 

Space  and  remote  sensing 

Sensing-information  dominance 

Coastal  dynamics 

Sensors,  sources,  and  arrays 

Ocean  engineering  and  marine  systems 

Undersea  signal  processing 

Littoral  surveillance  and  systems 

Tactical  sensing  support 

The  Modehng  and  Prediction  Division  (322)  also  supports  a  broad  agenda  of 
scientific  inquiry  and  technology  development  in  areas  of  environmental  optics, 
physical  oceanography,  biological  and  chemical  oceanography,  ocean  modeling 
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and  prediction,  atmospheric  modeling  and  prediction,  high-latitude  dynamics, 
tactical  environmental  support,  marine  geology  and  geophysics,  and  marine  me- 
teorology. 

Acoustic  modeling  and  tomography/imaging  play  important  roles  in  the  de- 
velopment of  active  and  passive  systems  for  mine  and  antisubmarine  warfare. 
Electro-optical  and  electromagnetic  (EO/EM)  clutter  models,  automatic  target 
recognition,  and  techniques  related  to  adapting  space  sensor  information  are  used 
in  algorithms  for  environmental  models.  Nonacoustic  undersea  sensors  and  re- 
lated signal  processors  are  under  development  for  application  to  undersea,  mine, 
and  expeditionary  warfare.  New  technology  related  to  ship  tracking  is  being 
developed.  Coastal  ocean  models  and  enhanced  bathymetric  mapping  techniques 
aid  in  coastal  operations  and  navigation.  New  acoustic  sources  and  arrays  allow 
better  environmental  characterization  and  target  recognition.  The  development 
of  specialized  research  platforms,  including  remotely  operated  vehicles,  should 
result  in  increased  capabilities  in  littoral  areas.  The  development  of  technologies 
for  undersea  and  shallow  water  acoustic  sensors  will  aid  in  tactical  data  acquisi- 
tion, offensive  mining,  mine  countermeasures,  and  explosive  ordnance  disposal. 
New  optical  technologies  are  being  used  to  examine  ocean  surface  and  marine 
boundary  layers  for  three-dimensional  modeling  of  the  dynamics  of  marine  popu- 
lations, fate  and  transport  of  pollutants,  and  natural  environmental  changes  in  the 
ocean. 

COMPUTER  MODELING 

ONR,  primarily  through  activities  at  NRL,  has  developed  an  impressive 
ability  to  provide  real-time  predictions  for  the  Navy  using  global,  regional,  and 
(to  a  lesser  extent)  coastal  modeling.  Predictions  using  high-resoiution,  coupled 
atmospheric-ocean  models  are  being  developed.  These  models  can  predict  circu- 
lation and  atmospheric  conditions  in  selected  local  areas  (e.g.,  off  the  west  coast 
of  the  United  States).  They  make  use  of  the  most  powerful  computational  plat- 
forms available.  A  wealth  of  software  has  been  developed  to  (1)  visualize  model 
predictions,  (2)  manage  large  volumes  of  data,  (3)  integrate  the  data  with  the 
model  predictions  (e.g.,  data  assimilation),  (4)  efficiently  transfer  and  tailor  the 
data  to  the  user's  needs,  and  (5)  verify  the  model  predictions.  These  integrated 
modeling  and  data  management  systems  represent  the  state  of  the  art. 

The  primary  academic  application  for  atmospheric  and  oceanic  circulation 
models  involves  research  into  global  and  regional  oceaji  circulation  and  meteo- 
rology. Research  into  air-sea  interaction  and  its  influence  on  long-term  climatic 
change  represents  another  important  academic  application.  In  the  commercial 
sector  the  most  important  user  groups  include  environmental  and  engineering 
consulting  companies  (e.g.,  firms  interested  in  pollutant  transport  and  fate  model- 
ing, circulation,  physical  forcing  on  offshore  structures,  dispersion  of  routine 
discharges,  and  disposal  of  wastes  at  sea),  data  brokers  and  value-added  suppliers 
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(e.g.,  data  services  that  provide  either  prepackaged  or  customized  data  products, 
ship  routing,  and  environmental  forecasting  for  offshore  operations),  and  firms 
that  specialize  in  exploration,  development,  and  transportation  of  offshore  oil, 
gas,  and  minerals. 

DEEP-SEA  TECHNOLOGY 

ONR  has  a  long  history  of  research  and  technology  development  for  Navy 
application  in  the  deep-sea  environment.  The  primary  commercial  interests  in 
this  area  are  involved  in  offshore  oil  and  gas  exploration  and  production  as  well 
as  pipeline  operation  and  maintenance.  Deep-sea  mining  is  another  potential 
application;  activity  in  this  area  has  been  somewhat  sporadic  as  the  presently 
available  technology  has  not  made  deep-sea  resource  development  economically 
viable. 

The  discussion  below  should  be  considered  only  a  sampling  of  the  available 
and  emerging  science  and  technology  at  ONR  that  is  applicable  for  transfer  to 
deep-sea  commercial  interests.  ONR  science  and  technology  applicable  to  non- 
military  deep-sea  operations  are  included  in  the  following  categories: 

•  Surface/subsurface  seakeeping 

•  Fabrication  techniques  and  materials 

•  Remote  vehicle  design  and  operation 

•  Environmental  characterization 

•  Operational  systems  support 

Surface/subsurface  Seakeeping 

For  the  design  of  ships  and  other  seagoing  platforms,  ONR  has  conducted 
extensive  research  and  developed  a  considerable  body  of  technology  in  the  area 
of  naval  architecture.  Available  data  and  models  relate  wind,  waves,  and  hydro- 
dynamjc  flow  to  forcing  functions  applicable  to  stmctural  design  and  analysis. 
Techniques  for  the  design  of  deep  moorings  with  chains  and  cables  have  been 
developed.  Some  of  the  available  and  emerging  ideas  include  mooring  deploy- 
ment methods,  innovative  mooring  designs  (e.g.,  S-tether),  expendable  moorings, 
slack  cable  dynamics,  and  models  for  cable/riser  strunmiing.  ONR  has  also 
developed  methods  for  obtaining  and  maintaining  a  precise  position  in  the  water 
column  or  on  the  bottom  by  using  remote/portable  tracking  systems. 

Fabrication  Techniques  and  Materials 

The  construction  of  structures  and  piping  for  the  Navy  is  done  within  ship 
and  submarine  construction  programs.  The  Navy  has  developed  a  significant 
expertise  in  welding,  particularly  of  high-strength  materials,  and  materials  testing 
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in  support  of  these  programs.  The  Navy  is  exploring  innovative  methods  to 
reduce  weight  and  lower  cost;  these  methods  include  the  use  of  high-powered 
lasers  for  welding  and  cutting  and  for  application  of  surface  coatings.  One  such 
application  on  Navy  ships  involves  fabrication  of  corrugated  steel  panels  (termed 
LASCOR)  that  provide  high  strength-to-weight  ratios  and  significant  fire  retarda- 
tion properties.  Techniques  under  development  include  in  situ  repair  and  fabrica- 
tion using  fiber-optic  delivery  of  laser  energy.  The  science  and  technology 
efforts  on  advanced  composite  materials  for  marine  applications  are  aimed  at 
high-strength  materials  that  are  lightweight  and  damage  resistant.  Through  con- 
siderable research  into  marine  corrosion  and  biofouling,  the  Navy  has  also  devel- 
oped new  mitigation  techniques  (see  Tables  D6  and  D7  in  Appendix  D)  that 
could  benefit  the  entire  marine  industry. 

Remote  Vehicle  Design  and  Operation 

With  its  strong  background  in  undersea  vehicle  design,  ONR  has  under  way 
numerous  efforts  applicable  to  the  development  of  deep  submergence  and  re- 
motely operated  or  piloted  vehicles.  Vehicles  such  as  the  MEDIA/JASON  fam- 
ily and  the  ALVIN  are  examples.  Additional  programs  support  a  new  group  of 
vehicles  called  AUVs  (autonomous  undersea  vehicles).  These  new  designs  would 
be  untethered,  remotely  controlled,  autonomously  programmed  vehjcles,  with 
both  navigational  and  robotic  capacities.  These  and  similar  technological  devel- 
opments are  potentially  exploitable  by  the  coimnercial  marketplace: 

•  Sensors,  including  acoustic,  laser,  and  magnetic  systems 

•  Structures,  including  remotely  operated  vehicle  (ROV)  designs  and  meth- 
ods, materials,  and  handling 

•  Cabling/communications,  including  fiber-optic  tow  cables  and  acoustic 
communications 

•  Autopilot/control,  including  laser  gyros,  fiber-optic  sensors,  and  motion 
compensator  systems 

•  Power/energy  systems,  including  energy-efficient  thermal  and  electrical 
systems  such  as  "wick"  combustors  and  lithium-seawater  batteries 

•  Thrusters/propulsors,  including  advanced,  significantly  quieter  and  more 
efficient  thruster  designs 

•  Robotics,  including  manipulators,  tools  (e.g.,  rock  drills),  nonlinear  con- 
trol systems,  adaptive  sampling,  and  mini-winches 

•  Data  assimilation/display,  including  data  fusion  techniques  and  virtual 
displays 

•  Simulators,  including  distributed  and  interactive  simulators  for  design 
and  training 
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Environmental  Characterization 

Scientific  research  and  technological  development  applicable  to  deep-sea 
operations  include  techniques  for  bottom  mapping  and  sub-bottom  profiling  (as 
well  as  existing  databases),  understanding  sediment  and  its  properties,  and  mod- 
eling suspended  sediment  distribution.  Ocean  bottom  seismometers  are  available 
for  monitoring  seismic  activity  at  potential  operating  sites.  Programs  for  in  situ 
measurement  and  modeling  of  the  ocean  environment  discussed  earlier  comple- 
ment these  activities. 


Operational  Systems  Support 

The  broad  category  of  operational  systems  support  highlights  technologies 
that  have  the  potential  to  improve  efficiency  and  enhance  safety  and  environmen- 
tal comphance  of  ongoing  or  future  undersea  and  surface  operations.  These 
technologies  would  include  system  monitors  and  sensors  for  metering  flow  using 
nonobtrusive  methods  or  for  detecting  leaks  or  determining  status  and  projecting 
failure.  ONR  efforts  in  the  area  of  condition-based  maintenance  (i.e.,  mainte- 
nance systems  capable  of  adjusting  to  real-time  system  needs  as  opposed  to 
simply  following  predetermined  schedules)  could  be  applied  to  reduce  operating 
costs  and  forecast  potentially  catastrophic  failures.  ONR  is  developing  advanced 
hydrodynamic  design  methods  that  can  be  used  to  increase  efficiency  and  lower 
the  cost  and  weight  of  pumps  and  pump  systems.  Other  technologies  under 
development  include  long-lived  power  and  energy  sources  that  can  operate  in  the 
deep  ocean,  including  both  thermal  (wick  and  Hj/O,)  and  electric  (rechargeable 
batteries  and  fuel  cells)  systems. 

The  greatest  obstacle  to  future  developments  in  remote  vehicles  is  clearly  the 
lack  of  cost-effective  power  and  energy  systems  that  can  operate  for  long  periods 
underwater.  ONR  breakthroughs  in  this  area  would  constitute  a  major  contribu- 
tion to  deep-sea  technology  development. 

OCEAN  SALVAGE  OPERATIONS 

Technology  for  marine  salvage  and  related  activities  can  be  divided  into  five 
areas  covering  the  following  capabilities: 

•  Bottom  and  sub-bottom  characterization 

•  Object  surveillance,  location,  and  identification 

•  Work  environment  and  life  support  (including  deep-water  diving  tables) 

•  Work  systems 

•  Greater  autonomy,  improved  training,  and  simulation 

Technologies  for  bottom  and  sub-bottom  characterization  include  acoustical 
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systems  and  optical  systems  configured  for  side-scan  and  wide-swath  mapping. 
Other  technologies  for  object  surveillance,  location,  and  identification  use  mono- 
chromatic laser-line  scanners,  synthetic  aperture  sonar,  and  magnetic  anomaly 
detection  to  identify  mine-like  objects. 

Research  into  increasing  efficiency  in  the  work  environment  includes  under- 
water light  propagation  and  miniaturization  of  acoustic  sensors  for  hand-held 
units.  Underwater  life-support  systems  under  development  include  self-con- 
tained breathing  apparatus  and  rebreathing  systems.  Work  systems  currently 
used  in  the  underwater  workplace  may  be  improved  with  research  into  fiber-optic 
lines  for  high-bandwidth  data  transmission,  special  couplers  and  optical  signal 
processors  for  undersea  use,  and  diver  work  tools  that  are  powered  by  seawater 
and  are  resistant  to  corrosion  and  contamination. 

ONR  is  developing  high-speed  data  communications  for  autonomous  vehicle 
and  other  undersea  naval  applications  and  small,  efficient  undersea  power  sources. 
Real-time  feedback  control  systems  that  adapt  both  to  a  changing  environment 
and  to  knowledge  "learned"  in  real  time  will  provide  efficient  use  of  resources 
and  immediate  data  collection. 

Simulatws  that  operate  in  tandem  over  networks  are  in  use  for  training  and 
for  design  performance  evaluation  of  new  concepts.  As  simulations  become 
more  complex  and  the  amount  of  required  common  information  grows  for  linked 
simulations  (e.g.,  background  weather  linked  to  a  navigational  simulator),  the 
need  for  standards  of  intersimulator  control  becomes  more  critical.  Increasingly 
accurate  and  fast  replication  of  complex  situations  in  "virtual  environments," 
possibly  by  linked  simulators,  will  provide  a  basis  for  comprehensive  training 
and  mission  rehearsal  in  the  future. 

This  technology  could  be  of  value  to  any  company  interested  in  underwater 
construction  and  repair  (e.g.,  oil  and  gas  platform  construction,  shipbuilding, 
submersible  development).  ONR  has  made  no  formal  effort  to  inform  these 
industries  of  the  opportunities  for  technology  transfer  and  the  benefits  it  repre- 
sents. The  committee  concluded,  based  on  the  considerable  list  of  technological 
developments  provided  by  ONR  staff  (Appendix  D)  and  the  apparent  lack  of 
involvement  of  marine  industry  representatives  with  ONR,  that  the  amount  of 
technology  available  far  outweighs  the  amount  successfully  transferred. 

COATINGS  AND  MATERIALS 

The  annual  costs  to  the  Navy  for  biological  fouling  and  corrosion  are  $1 
billion  and  $2  billion,  respectively.  To  combat  these  two  problems,  ONR  spon- 
sors research  on  corrosion-  and  fouling-resistant  coatings  at  NRL  and  several 
research  universities.  Many  such  coatings  developed  at  NRL  have  recently  seen 
wider  use  by  the  fleet.  This  trend  should  continue,  especially  given  the  increas- 
ing environmental  restrictions  on  the  use  of  certain,  more  traditional,  coatings 
and  coating  solvents  that  may  contain  organotin  compounds,  chromates,  or  lead. 
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The  amount  of  transferable  technology  in  the  coatings  area  (see  Tables  D6 
and  D7  in  Appendix  D),  though  already  significant,  is  likely  to  increase  because 
of  regulatory  constraints  and  the  high-quahty  research  supported  by  ONR.  ONR 
also  supports  research  on  corrosion  inhibitors  and  anodic  protection  (passivity)  at 
NRL  and  several  universities.  Several  additional  projects  sponsored  through 
ONR's  Small  Business  Innovation  Research  program  involve  possible  sensor 
technology  for  detecting  various  forms  of  localized  corrosion  in  marine  environ- 
ments. The  potential  for  technology  transfer  should  increase  in  the  future  be- 
cause of  (1)  the  environmental  concerns  mentioned  above  (e.g.,  how  Navy  activi- 
ties affect  the  environment  or  workplace),  and  (2)  the  Navy's  continued  desire  to 
prolong  the  life  of  ship  systems  in  the  extreme  conditions  of  the  marine  environ- 
ment. 

The  high-quahty,  scientific  research  and  the  technology  development  sup- 
ported by  ONR  are  an  important  component  of  the  Navy's  efforts  to  maintain 
combat  readiness  and  tactical  advantage.  The  committee  recognizes  that  R&D 
supported  by  ONR  is  of  vital  importance  for  fleet  effectiveness  and  national 
defense.  Many  of  the  marine  research  efforts  described  above,  and  the  expertise 
they  represent,  do  not  exist  outside  ONR-supported  programs.  It  is,  therefore, 
unfortunate  that  few  of  the  products  discussed  thus  far  have  been  successfully 
transferred  to  the  nonmihtary  sector.  Much  of  the  value  has  yet  to  be  discovered 
by  the  commercial  user.  Tangible  products  are  generally  the  first  to  be  trans- 
ferred, although  slowly.  Despite  an  apparent  broadening  of  customer  need  for 
hardware  and  for  interpreted  information,  there  is  no  formal  mechanism  in  place 
to  transfer  models  and  information  to  users  outside  the  defense  industry. 
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Status  of  ONR  Technology 
Transfer  Programs 


This  chapter  provides  an  overview  of  ONR  efforts  to  transfer  technology.  A 
successful  technology  transfer  program  used  by  the  National  Aeronautics  and 
Space  Administration  (NASA)  is  discussed  to  provide  perspective.  The  back- 
ground to  the  present  pohcy  on  technology  transfer  is  provided  by  the  Federal 
Technology  Transfer  Act  of  1986,  Public  Law  99-502  (Appendix  C). 

In  response  to  Public  Law  96-480  and  Executive  Order  12591  (Appendix  C), 
the  Undersecretary  of  Defense  for  Acquisition  in  1988  issued  a  Domestic  Tech- 
nology Transfer  (DTT)  Program  Regulation  to  "ensure  the  full  use  of  the  nation's 
federal  investment  in  research  and  development  (R&D),  stimulating  improved 
use  by  state  and  local  governments  and  the  private  sector"  (DOD,  1988).  A 
specific  policy  goal  is  to  "promote  the  sharing  of  technology  that  fosters  the 
advance  of  science  or  that  has  commercial  potential  and  thus  should  be  employed 
to  best  advantage  for  the  security  and  socioeconomic  well-being  of  the  United 
States"  (DOD,  1988).  SECNAV  INSTRUCTION  5700.16  of  27  October  1989, 
assigns  the  Chief  of  Naval  Research  (CNR)  responsibility  for  miUtary-civiUan 
domestic  technology  transfer  for  the  U.S.  Department  of  the  Navy. 

ONR  TECHNOLOGY  TRANSFER  MECHAMSMS 

In  accordance  with  the  regulation  and  instruction,  the  CNR  issued  OCNR 
Instruction  5700.1  on  24  July  1991  to  implement  the  pohcy  and  procedures  for 
the  Navy  DTT  program.  The  numerous  mechanisms  formally  estabUshed  to 
encourage  and  promote  technology  transfer  are  summarized  below. 
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Navy  Technology  Application  Assessment — A  Navy  Technology  Application  As- 
sessment (NTA  A)  is  a  documented  summary  describing  the  application  of  tech- 
nology developed  by  ONR  that  is  potentially  useful  to  state  and  local  govern- 
ments or  the  U.S.  private  sector.  NTAAs  are  released  to  the  National  Technical 
Information  Service. 

Federal  Laboratory  Consortium  for  Technology  Transfer — The  Federal  Labora- 
tory Consortium  (FLC),  including  ONR  laboratories,  is  supported  by  its  compo- 
nent agencies  and  responsible  to  the  National  Institute  for  Standards  and  Tech- 
nology of  the  Department  of  Commerce.  The  FLC  identifies  and  facilitates 
technology  transfer.  The  level  of  support  contributed  by  the  Navy  to  the  FLC  is 
determined  by  the  CNR  (presently  0.008  percent  of  the  total  Navy  R&D  budget). 

Office  of  Research  and  Technology  Application — An  Office  of  Research  and 
Technology  Apphcation  (ORTA)  has  been  established  at  each  Navy  laboratory 
for  managing  and  coordinating  DTT  activities.  Each  organization  within  DOD 
must  establish  ORTA  functional  units  of  at  least  one  employee's  full-time  effort 
(FTE)  if  there  are  between  200  and  1,000  technical  personnel  and  at  least  two 
FTEs  if  more  than  1 ,000  technical  personnel  are  employed.  ONR  headquarters 
manages  and  assesses  the  ORTA  process  at  each  laboratory.  Funding  support  of 
ORTAs  comes  from  internal  laboratory  overhead  or  return  on  invention  licensing 
and  royalties. 

Cooperative  Research  and  Development  Agreement — Cooperative  Research  and 
Development  Agreements  (CRDAs)  are  agreements  between  a  federal  agency  or 
agencies  and  nonfederal  parties  to  perform  cooperative  R&D.  A  CRDA  is  a  legal 
mechanism  for  federal  agencies  to  work  with  private  companies  to  exploit  gov- 
ernment technology  and  invention  while  protecting  the  title  and  Ucensing  rights 
of  each  party.  The  federal  agency  provides  personnel,  services,  facilities,  equip- 
ment, and  other  resources  with  or  without  reimbursement.  The  nonfederal  party 
provides  similar  resources  but  receives  no  government  funds. 

Individual  Awards  and  Compensation  for  DTT  Contributions — The  Navy  offers 
individual  awards  and  compensation  to  federal  employees  who  make  significant 
contributions  to  Navy  DTT.  Eligibility  for  patent  license  royalties  is  an  addi- 
tional award  mechanism.  In  addition  to  the  above  formal  DTT  mechanisms 
prescribed  by  regulations,  ONR  has  several  other  means  for  facihtating  technol- 
ogy transfer,  including  the  various  types  of  industrial  agreements  and  programs 
discussed  below. 

Industrial  Agreements  Other  than  CRDAs — In  addition  to  CRDAs,  ONR  uses 
other  agreements  with  industry  that  promote  technology  transfer.  These  agree- 
ments include  contracts  and  grants  for  which  100  percent  of  the  funding  is  pro- 
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vided  by  the  federal  government,  and  cooperative  agreements  involving  cost 
sharing  (e.g.,  Technology  Reinvestment  Programs,  called  TRPs).  These  efforts, 
in  general,  focus  on  defense  needs.  Some  of  the  technologies  developed,  how- 
ever, may  have  potential  apphcation  in  the  nonmilitary  sector.  The  industry 
partner  does,  in  those  instances,  have  a  direct  opportunity  to  market  the  technol- 
ogy. 

Small  Business  Innovation  Research — The  Small  Business  Innovation  Research 
(SBIR)  program  is  intended  to  encourage  small  business  to  meet  specific  needs 
identified  by  federal  agencies.  The  process  often  involves  a  Navy  laboratory  or 
headquarters  component  working  with  a  small  business  that  accomplishes  tech- 
nology transfer.  The  business  retains  the  option  for  commercializing  the  product 
for  use  in  other  sectors. 

Manufacturing  Technology  Centers  of  Excellence — Manufacturing  Technology 
Centers  of  Excellence  facilitate  the  development  of  manufacturing  technology  to 
address  Navy  applications.  The  centers  provide  a  direct  opportunity  for  industry 
to  collaborate  and  exploit  technology  developments  for  commercial  applications. 

Industrial  Consortia — Industrial  consortia  may  involve  collaboration  by  several 
competitors  to  advance  the  overall  capability  of  industry  in  a  given  field.  A 
successful  example  is  the  industrial  consortium  associated  with  the  Navy 
Powertrain  Technology  Center,  in  which  both  defense  and  conmiercial  industries 
participate. 

Conferences  and  Symposia — Technical  conferences  and  journals  are  excellent 
opportunities  to  share  research  results  and  transfer  technology.  Such  outlets  form 
the  basis  for  documenting  the  evolving  state  of  scientific  knowledge  related  to 
ONR-supported  programs. 

Patents  and  Licensing  Agreements — Patents  held  by  the  government  can  be  ex- 
ploited for  commercial  application  through  licensing  arrangements.  Technology 
is  therefore  made  available  while  generating  revenue. 

Coordinating  Committees — ONR  uses  coordinating  committees  as  a  formal 
mechanism  for  working  with  other  government  agencies  (e.g.,  the  National  Oce- 
amc  and  Atmospheric  Administration).  These  committees  provide  an  opportu- 
nity for  mutual  planning  and  benefit.  ,  , 

TECHNOLOGY  TRANSFER  AT  NASA 

To  achieve  a  better  understanding  of  the  variety  of  mechanisms  used  to 
facilitate  technology  transfer  in  other  federal  agencies,  the  committee  examined 
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the  NASA  DTT  program.  The  stated  mission  of  the  NASA  DTT  program  is  to 
focus  directly  on  industrial  development  and  growth  to  secure  national  economic 
competitiveness  for  space  technology.  The  Navy's  mission  of  national  defense  is 
significantly  different  from  NASA's  mission  of  space  exploration;  however,  the 
mechanisms  and  procedures  used  by  NASA  may  provide  useful  models  and 
lessons  for  ONR  technology  transfer  efforts. 

NASA  has  recently  undergone  a  significant  change  in  position  regarding 
domestic  technology  transfer.  This  change  was  driven  by  a  top-down  formula- 
tion of  strategic  goals  for  achieving  the  stated  mission  of  NASA's  DTT  program. 
One  of  the  goals  is  to  share  "the  harvest  of  space  technology  with  the  U.S. 
industrial  community"  through  domestic  technology  transfer  (John  Mansfield, 
NASA,  personal  communication,  1995).  The  significance  of  this  approach  is  the 
priority  attached  to  DTT  and  the  high  level  of  commitment  to  achieving  it.  Along 
with  the  strategic  goal,  quantitative  objectives  (or  metrics)  have  been  set  to  pro- 
vide NASA  a  target  for  expected  levels  of  performance.  Performance  is  then 
measured  against  these  goals  by  examination  of  detailed  information  collected 
for  this  purpose  (e.g.,  number  of  inquiries  received  on  the  Internet,  number  of 
commercial  partnerships,  financial  contribution  to  commercial  partnerships). 

Keys  to  the  success  of  the  NASA  plan  for  facilitating  technology  transfer 
include  specific  actions  and  activities  in  six  areas: 

•  Policy — NASA  established  new  poUcies  for  technology  investment;  part- 
nerships; SBIR  grants;  federal,  state,  and  local  alliances;  and  R&D  procurement. 

•  Metrics — NASA  developed  a  set  of  commercialization  measures  (or 
metrics)  of  performance.  Data  collection  tools  and  reporting  processes  were  also 
developed. 

•  Marketing — NASA  targets  specific  technology  segments,  as  well  as 
broad-based  technology  diffusion,  using  a  variety  of  marketing  mechanisms  (e.g., 
industrial  consortia,  NASA  Advanced  Materials  Centers,  the  Tech  2005  Confer- 
ence, and  Innovation  Magazine). 

•  Business  Practices — NASA  developed  seven  principles  of  operation  de- 
signed to  be  compatible  with  the  way  the  private  sector  conducts  business  (e.g., 
contractor-developed  technology  commercialization,  small  business  technology 
development,  and  regional  alliances  with  industry  and  universities). 

•  Training  and  Education — NASA  employees  in  field  centers  and  head- 
quarters are  trained  to  conduct  commercial  technology  transfer. 

•  Electronic  Network — An  electronic  network  links  NASA  field  centers 
and  headquarters  with  each  other  and  with  the  commercial  sector. 

The  new  NASA  initiatives  appear  to  have  achieved  a  clearer  focus  on  the 
DTT  process  and  results.  Since  1992  technology  partnerships  have  increased 
from  328  to  more  than  3,000  and  investments  have  increased  from  $174  million 
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to  more  than  $450  million  (John  Mansfield,  NASA,  personal  communication, 
1995). 

OBSERVATIONS  REGARDING 
TECHNOLOGY  TRANSFER  AT  ONR 

The  focus  of  ONR  activity  is  improvement  of  the  defense  posture  of  the 
nation;  therefore,  much  of  the  technology  transfer  effort  is  in  direct  support  of 
that  mission.  The  commercialization  of  ONR-developed  technology  is  conse- 
quently dominated  by  defense  industry  participants. 

There  are  mechanisms  presently  in  place  to  facilitate  domestic  technology 
transfer.  The  question  remains,  however,  "How  well  does  the  process  work?" 
For  a  narrow  range  of  industrial  needs  and  a  small  number  of  technology  areas, 
the  process  seems  to  function  well.  The  connections  with  the  defense  industry 
are  well-established  and  technology  transfer  occurs  seamlessly.  One  way  that 
ONR  research  and  development  is  indirectly  transferred  to  the  nonmihtary  sector 
is  through  the  adoption  of  Navy  specifications  based  on  ONR-supported  activi- 
ties (e.g.,  marine  vessel  design)  by  engineers  outside  the  Navy.  In  certain  science 
areas  (e.g.,  signal  processing,  acoustics,  and  materials)  the  results  of  ONR-spon- 
sored  research  are  well  disseminated  through  published  technical  journals,  con- 
ferences, and  symposia.  There  remains,  however,  a  sizable  segment  of  industry 
that  could  use  ONR  technology  for  nonmihtary  purposes  but  is  poorly  served  by 
the  present  technology  transfer  process.  ONR  possesses  significant  technology 
that  warrants  commercialization  (see  Chapter  2),  but  the  process  for  identifying 
and  exploiting  that  technology  is  not  effective. 

The  burden  of  transferring  technology  to  the  private  sector  falls  heavily  on 
the  team  leaders  of  the  ONR  divisions.  These  leaders  are  skilled,  technically 
competent  scientists  with  an  excellent  understanding  of  fleet  needs.  For  knowl- 
edge of  the  potential  industrial  market  for  ONR  products  in  the  nonmilitary 
sector,  ONR  team  leaders  must  rely  on  the  Industrial  Programs  Department  (ONR 
36).  ONR  36,  however,  makes  insufficient  effort  to  develop  an  understanding  of 
the  needs  of  nonmilitary  users  or  to  market  the  products  of  marine  technology 
research.  The  department  has  focused  more  on  obtaining  technology  than  mar- 
keting or  transferring  ONR  technology  to  the  nonmilitary  sector.  This  emphasis 
on  obtaining  technology  has  resulted  in  a  decidedly  one-way  exchange  of  infor- 
mation. This  arrangement  is  of  httle  benefit  in  terms  of  informing  the  in-house 
scientists  and  managers  (i.e.,  the  individuals  responsible  for  meeting  the  require- 
ments of  the  various  government  mandates)  about  the  technology  needs  of  the 
nonmihtary,  industrial  sector. 

In  ocean  science  and  technology,  for  example,  a  large  segment  of  U.S.  indus- 
try that  could  benefit  from  ONR-sponsored  technology  has  httle  or  no  interaction 
with  ONR.  This  segment  includes  both  major  corporations  (e.g..  Chevron  USA 
and  Amoco  in  the  oil  and  gas  industry)  and  small  companies  (i.e.,  companies  with 
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annual  revenues  less  than  $30  million  or  fewer  than  100  employees).  Evidence  of 
this  lack  of  involvement  appears  in  several  areas  listed  below.  The  committee  did 
not  develop,  nor  does  it  recommend,  specific  values  for  the  metrics  listed  below 
(only  a  subset  of  potentially  useful  measures),  and  it  did  not  conduct  quantitative 
analysis  of  such  measures.  Such  standard  setting  should  be  conducted  by  ONR 
upper  management.  ONR's  performance  in  technology  transfer  should  be  com- 
parable to  the  overall  performance  of  DOD  in  technology  transfer  (i.e.,  the  tech- 
nology transfer  efforts  of  any  DOD  R&D  program,  as  gauged  by  any  given 
metric,  should  be  roughly  proportional  to  that  program's  share  of  the  overall 
DOD  R&D  budget).  Indicators  of  the  effectiveness  of  present  ONR  technology 
transfer  efforts  include  the  following: 

•  Participation  in  CRDAs— Of  the  413  CRD  As  involving  DOD  in  1993, 
ONR  participated  in  80,  approximately  19  percent  (David  Rossi,  ONR,  personal 
communication,  1995),  which  compares  favorably  with  ONR's  portion  of  the 
DOD  budget  (18  percent).  Only  seven  of  the  80  ONR  CRDAs  involved  offshore 
technology,  however,  (and  most  of  these  seven  involve  short-term  consulting  or 
ONR  facilities  rental).  The  total  number  of  CRDAs  involving  ONR  has  in- 
creased to  more  than  280  as  of  July  1995  (T)avid  Rossi,  ONR,  personal  commu- 
nication, 1995).  Although  this  increase  in  the  cumulative  number  of  CRDAs  in 
which  ONR  is  involved  may  suggest  a  significant  improvement  in  technology 
transfer  in  this  area,  specific  information  on  the  type  of  CRDAs  represented  (i.e., 
by  category  such  as  ocean  science,  aerospace,  etc.)  was  not  available  for  the  post- 
1993  period.  This  lack  of  specific  information  makes  comparison  of  ONR  per- 
formance before  and  after  1993  difficult,  even  for  this  single  metric. 

•  ORTA  marketing  tools — The  main  marketing  mechanism  used  by  ONR 
is  the  CRDA  (see  above).  Examination  of  brochures  and  advertisements  distrib- 
uted by  ONR  suggests  that  ONR's  interest  in  ORTA  is  more  as  a  vehicle  to 
market  ONR  laboratory  facihties  and  personnel  than  to  transfer  ONR  knowledge 
and  technology  to  the  private  sector  for  commercial  development. 

•  Proliferation  of  terms — Broad  understanding  of  technology  transfer 
policy  appears  to  have  been  hampered  by  conflicting  rhetoric  (e.g.,  conversion, 
uni-  and  bi-directional  transfer,  dual-use,  spin-on,  spin-off,  technology-push, 
market-pull).  Several  responsible  ONR  officials  are  still  uncertain  about  what 
qualifies  as  "domestic  technology  transfer." 

•  Low  number  of  patents  licensed — Less  than  2  percent  of  patents 
awarded  to  DOD  are  in  ocean  science  and  technology  (80  of  4,600),  despite  the 
fact  that  ONR  (i.e..  Navy  S&T)  funding  accounted  for  approximately  18  percent 
of  total  DOD  S&T  funding  in  1995. 

•  Lack  of  effective  marketing  programs — ONR  has  designed  a  pilot  pro- 
gram at  the  University  of  Maryland  to  use  MBA  students  and  faculty  to  identify 
technologies  with  promise  for  conmiercialization  and  to  perform  market  research. 


S7S 


STATUS  OF  ONR  TECHNOLOGY  TRANSFER  PROGRAMS  25 

No  quantitative  results  from  this  pilot  program  were  presented  to  the  committee; 
therefore,  its  effectiveness  was  impossible  to  judge. 

•  Lack  of  matching  grants — ONR  does  not  appear  to  be  involved  in  any 
state  or  local  matching  grant  programs  to  promote  industrial  diversification. 

•  Presence  of  ONR  barriers — The  majority  of  small  and  large  companies 
and  venture  capitalists  without  roots  in  defense  contracting  do  not  pursue  tech- 
nology transfer  with  ONR  for  a  variety  of  reasons  (e.g.,  perceived  excess  costs  of 
the  effort,  transfer  often  hindered  by  ONR,  ONR  insensitivity  to  the  crucial 
importance  of  timeliness  in  the  international  competitive  marketplace,  exclusion 
from  the  process  by  administrative  edict).  Of  18  small  innovative  companies 
known  by  the  committee  to  be  engaged  in  offshore  technology,  none  participate 
with  ONR  in  joint  projects  or  technology  transfer  (John  Johnson,  Perry  Tritech, 
personal  communication,  1995).  One  of  the  largest  companies  engaged  in  off- 
shore oil,  gas,  and  pipeline  operations  (Chevron  USA),  has  no  history  of  technol- 
ogy transfer  with  ONR  (David  Clementz,  Chevron  Petroleum  Technology  Com- 
pany, personal  communication,  1995). 

ONR  has  a  decidedly  mixed  record  in  transferring  technology  to  the  potential 
nonmilitary  commercial  user.  Conversely,  transfer  to  the  academic  community 
seems  to  be  well  developed,  making  use  of  the  traditional  ad  hoc  procedure  of 
shared  interests  between  scientists  in  the  respective  organizations.  The  transfer  is 
generally  on  a  one-to-one  basis  and  is  fostered  by  each  community.  The  transfer 
normally  begins  and  is  nurtured  by  presentations  at  professional  society  meetings 
and  forums. 

Transfer  to  the  commercial  sector,  however,  appears  to  be  marginal  at  best. 
The  Oceanographer  of  the  Navy  has  signed  a  memorandum  of  understanding 
with  the  National  Oceanic  and  Atmospheric  Administration  to  allow  civilian 
access  to  the  Naval  Oceanographic  Data  Distribution  System;  however,  this  un- 
derstanding is  a  recent  initiative  and  the  commercial  conmiunity  appears  to  be 
essentially  unaware  that  access  is  possible. 

Few  cooperative  agreements  exist  with  the  commercial  sector.  The  only 
ONR  CRDA  that  could  be  found  in  the  area  of  computer  modeling  was  com- 
pleted in  February  1 995  with  KTAADN,  Inc.  The  purpose  of  this  CRDA  was  to 
perform  systematic  testing  and  application  of  high-resolution  meteorological 
modeling  while  assisting  the  U.S.  effort  to  defend  the  America's  Cup.  Despite 
being  a  high-profile  activity  and  possessing  positive  pubhc  relations  value,  this 
cooperative  effort  is  not  likely  to  generate  new  growth  in  the  economy.  Recent 
attempts  to  develop  such  cooperative  relationships  have  met  with  mixed  success. 
It  is  clear  from  this  experience  that  ONR  and  NRL  do  not  have  effective  proce- 
dures for  initiating,  implementing,  and  monitoring  such  agreements.  Examples 
of  successful  technology  transfer  involving  ONR  appear  to  be  hmited  to  ventures 
based  on  person-to-person  contacts  in  which  both  individuals  share  a  sense  of 
gain.  Formal  efforts  to  declassify  existing  Navy  databases  for  the  collaborative 
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use  of  the  ocean  science  research  community  are  a  primary  example  of  the  type  of 
mutually  beneficial  exchange  enjoyed  by  academia  and  naval  research  personnel. 
Reports  and  initiatives  in  this  area,  however,  make  no  provisions  for  the  nonaca- 
demic,  domestic  commercial  sector  (e.g.,  MEDEA,  1995). 

Transfer  of  ONfR-supported  technology  to  the  academic  community  appears, 
in  summary,  to  work  well  for  both  groups.  The  same  cannot  be  said,  however,  for 
transfer  from  ONR  to  the  commercial  sector.  Despite  the  high  potential  for 
transfer  between  ONR/NRL  and  the  commercial  sector,  and  the  Navy's  existing 
mechanisms  to  perform  the  transfer,  the  exchange  is  relatively  low  and  episodic 
at  best.  The  principal  reason  for  this  poor  exchange  appears  to  be  a  lack  of  ONR/ 
NRL  commitment  and  incentives  to  maintain  the  interaction  necessary  to  foster 
vigorous  technology  transfer  with  the  commercial  sector. 

The  Chief  of  Naval  Research  should  make  it  clear  that  technology  transfer  is 
a  major  goal  for  the  Department  of  the  Navy,  and  therefore  for  ONR.  Technol- 
ogy transfer  should  become  a  part  of  the  mission  objectives  for  the  Navy  and  be 
incorporated  as  an  integral  part  of  the  Navy  Strategic  Plan.  The  elements  of  the 
technology  transfer  plan  should  be  embraced  by  the  senior  management  respon- 
sible for  its  development  and  implementation.  Specific  metrics  in  performance 
and  scheduling  should  be  established  and  reviewed  quarterly  by  the  Chief  of 
Naval  Research.  Recognition  and  rewards  need  to  be  established  at  the  level  of 
the  Chief  of  Naval  Research  to  acknowledge  the  importance  and  accomphsh- 
ments  of  efforts  to  promote  technology  transfer.  Finally,  the  use  of  electronic 
networking  and  active  participation  in  nonmilitary  trade  shows  and  professional 
meetings  are  absolutely  vital  to  ensure  a  successful  technology  transfer  program. 
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The  Office  of  Naval  Research  (ONR)  supports  research  and  development 
(R&D)  in  several  areas  with  potential  for  application  outside  the  Navy.  Many 
marine  industries  and  other  nonmilitary  users  could  benefit  from  some  product  of 
ONR  research  (in  such  areas  as  coastal  zone  management,  parks  and  recreation, 
shipping  and  shipbuilding,  and  conmiercial  weather  forecasting).  The  commit- 
tee could  not  explore  all  possible  apphcations  of  ONR  technology  but  instead 
focused  its  attention  on  four  important,  potential  user  groups.  The  committee 
invited  representatives  of  the  oil  and  gas  industry  (i.e.,  exploration,  production, 
and  pipeline  operation),  fisheries,  environmental  companies,  and  marine  equip- 
ment and  service  providers  to  present  their  views  on  the  existing  and  future 
technology  needs  of  industry.  Because  of  their  economic  dominance,  these  four 
groups  represent  that  segment  of  the  nonmiUtary,  marine  industrial  sector  that  the 
committee  concluded  could  benefit  the  most  from  future  ONR-supported  re- 
search and  technology  development. 

OIL  AND  GAS  INDUSTRY 

Whether  measured  by  payroll,  value  output,  capital  investment,  geographic 
reach,  or  technical  complexity,  the  offshore  oil  and  gas  industry  (including  explo- 
ration and  production,  as  well  as  pipeline  operation  and  maintenance)  is  this 
country's  most  significant  commercial  activity  offshore.  ONR  is  the  most  pow- 
erful American  instrument  for  marine  technology  development.  Cooperative 
effort,  information  interchange,  and  technology  transfer  between  these  two  enti- 
ties appear,  however,  to  be  intermittent  and  incomplete,  at  best.    They  are,  at 
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worst,  nonexistent.  There  is  a  need  for  better  mutual  disclosure  and  technical 
interchange  between  ONR  and  the  oil  and  gas  industry  to  maximize  private 
investment  in  the  U.S.  national  interest. 

Before  addressing  the  reciprocal  transfer  of  offshore  technology  between 
ONR  and  the  private  sector,  it  is  helpful  to  review  the  existing  state  of  the  oil  and 
gas  industry  with  special  regard  to  technology  outsourcing  and  strategic 
partnering.  Specific  offshore  technology  needs  can  then  be  more  effectively 
examined  and  understood. 

There  are  two  traditional  technology  strategies  in  the  petroleum  industry;  (1) 
companies  own  all  technology,  having  a  full  suite  of  internal  capabihties  (com- 
mon among  major  companies);  or  (2)  companies  outsource  (i.e.,  contract  out)  all 
technology  needs  and  rely  completely  on  outside  suppliers  (common  among 
smaller  independent  companies).  A  third  approach  incorporating  advantages  of 
both  strategies  is  now  emerging  in  the  industry.  Some  companies  are  beginning 
to  adopt  a  strategy  in  which  they  own  core  technologies  and  outsource  the  re- 
mainder. This  allows  a  company  to  retain  highly  focused,  business-oriented 
R«feD  while  relying  on  suppliers  for  other  support.  The  change  has  been  driven 
by  cost/benefit  analyses,  rapid  changes  in  technology,  a  redundancy  and  overca- 
pacity of  technology  supply,  formation  of  strategic  business  units  within  corpora- 
tions, and  an  increased  emphasis  on  international  operations.  This  new  technol- 
ogy acquisition  strategy  suggests  that  the  offshore  oil  and  gas  industry  might  be 
open  to  technology  transferred  from  ONR. 

Strategic  partnering  between  major  corporations  and  smaller  suppliers  can 
be  used  to  achieve  alignment  between  two  very  different  organizations.  For 
strategic  partnering  to  be  successful,  several  factors  must  be  present:  (1)  mutual 
trust,  (2)  multilevel  relationships  and  commitments,  (3)  appropriate  use  of  core 
competencies,  (4)  common  goals,  (5)  cultural  and  strategic  compatibility,  (6) 
integrated  decision  making  and  information  systems,  and  (7)  open  and  frank 
communication  (David  Clementz,  Chevron  Petroleum  Technology  Company, 
personal  communication,  1995).  Historically,  strategic  partnerships  have  a  low 
success  rate  (e.g.,  a  study  of  50  industrial  alliances  by  Slowinski  (1992)  showed 
that  only  50  percent  lasted  four  years  or  more).  This  low  success  rate  is  primarily 
due  to  lack  of  compatible  strategies,  unclear  or  conflicting  objectives  and  time 
frames,  cultural  barriers,  inabiUty  to  fulfill  customer  expectations,  and  lack  of 
implementation  plans  and  alliance  management  (David  Clementz,  Chevron  Pe- 
troleum Technology  Company,  personal  conununication,  1995).  The  same  prob- 
lems may  surface  in  interactions  between  ONR  and  the  major  oil  and  gas  compa- 
nies. 

The  major  technology  needs  of  the  offshore  oil  and  gas  industry  (i.e.,  explo- 
ration, production,  and  pipeline)  can  be  divided  into  the  following  subsets: 

•  Environmental  needs 

•  Floating  drill  platform  needs 
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•  Fixed  drilling  and  production  platforms  and  facibties  needs 

•  Subsea  completion  needs 

•  Subsea  pipeline  needs 

Environmental  needs  include  baseline  studies  for  environmental  impact  state- 
ments and  quantification  of  the  effects  of  oil  and  gas  operations  on  the  environ- 
ment. These  tasks  require  methods  and  instrumentation  to  measure  several  pa- 
rameters such  as  the  concentration  of  chemical  compounds  in  the  atmosphere, 
seawater,  and  seafloor  sediment  over  representative  periods  of  time.  The  amount 
of  nutrients  available  and  the  size  of  coral,  fish,  shellfish,  and  mammal  popula- 
tions in  the  area  and  their  fluctuations  over  time  must  also  be  documented.  The 
methods  and  instrumentation  used  to  establish  baseUne  data  are  available  now. 
The  challenge  is  to  design  and  install  these  systems  to  survive  in  the  ocean  over 
the  required  periods,  providing  continuous  monitoring  and  data  recording  and 
transmission. 

Drilling  from  a  floating  platform  requires  several  unique  abilities,  including 
(1)  accurate  monitoring  and  forecasting  of  weather,  sea  state,  and  currents;  (2) 
adequate  mooring  and  station-keeping  technology  (including  location  and  real- 
time monitoring  of  the  bottom  hole  and  use  of  global  positioning  systems  and 
dynamic  positioning  for  the  surface  platform);  and  (3)  adequate  methods  to  sepa- 
rate and  dispose  of  wastewater  and  drilhng  fluid  at  sea.  Drilling  and  production 
platforms  need  design  criteria  based  on  atmospheric  and  oceanographic  condi- 
tions, stress  and  load  analysis,  soil  shear  strength,  and  consolidation  of  the  under- 
lying seafloor.  Platform  construction  and  maintenance  presents  its  own  set  of 
challenges: 

•  Inspection  and  crack  detection  and  repair  at  depths  to  2,500  feet  (some  of 
which  may  be  accompUshed  by  remotely  operated  vehicles  [ROVs]) 

•  Use  of  autonomous  underwater  vehicles  (AUVs) 

•  Underwater  explosive  cutting  and  welding  technology 

•  Use  of  composite  materials  in  topside  structures  and  drill  pipe  and  risers 
to  reduce  weight  and  increase  resistance  to  abrasion,  fire,  sunhght,  and  salt  water 

•  Use  of  paint  and  painting  systems,  both  surface  and  underwater 

•  Use  of  deepwater  pipeline  connection  systems  (e.g.,  ROV  and  AUV)  for 
both  rigid  and  flexible  pipe 

•  Use  of  space-frame  and  finite-element  design  techniques 

Subsea  completion  of  wells  presents  other  unique  requirements,  including: 

•  Control  systems 


Long-hfe  autonomous  power  suppUes 
Quick-acting  valve  operators  and  controls 
Pipehne  and  valve  connection  and  monitoring 
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TABLE  1  Technology  Needs  of  Offshore  Oil  and  Gas  Industries 

Short-Term  Long-Term 

Need*  Need* 

Technology  Area  1995-1999  1999-2010 


Hydrate  prevention 

4.7 

3.3 

Flow  metering 

4.3 

4.0 

Subsea  equipment 

4.3 

3.3 

Flow  lines 

4.2 

3.3 

Extended-reach  drilling/production 

4.1 

3.3 

Risers 

4.1 

3.0 

Drilling 

4.1 

3.5 

Multiphase  pumps 

4.0 

4.6 

Workover 

3.7 

3.5 

Produced  fluid  disposal 

3.6 

3.3 

Structures 

3.4 

2.7 

Extended-reach  control  systems 

3.3 

2.5 

High-pressure  systems 

3.0 

3.3 

ROV  systems 

3.0 

3.2 

External  corrosion  protection 

2.6 

4.3 

Water/gas  injection 

2.3 

4.3 

Source:   National  Petroleum  Council  (1995). 

'NOTE:  Average  response  of  10  major  corporations  to  a  35-page  questiomiaire.  Respondents  were 

asked  to  rank  needs  as  low  (1),  medium  (3),  or  high  (5). 


•  Subsea  pumping,  compression,  and  oil/gas  separation  systems 

•  Relocation  beacons  with  remote  triggering 

•  Acoustic,  fiber-optic,  and  hard-wire  data  transmission 

Subsea  pipehne  construction  and  operation  requirements  include  installation 
methods,  leak  detection,  fluid  metering,  oil  and  water  cut  monitoring,  wall  thick- 
ness monitoring,  and  methods  for  maintaining  pipeline  location. 

A  recent  survey  conducted  by  the  National  Petroleum  Council  (NPC),  an 
industry  association,  outlined  the  technology  needs  of  the  oil  and  gas  industry. 
The  NPC  survey  indicates  an  average  ranking  of  specific  needs  of  10  major 
companies.  The  survey  contains  important  information  regarding  both  short- 
term  (the  next  five  years)  and  long-term  (1999-2010)  industr>'  needs,  which  are 
summarized  in  Table  1  (National  Petroleum  Council,  1995). 

Overlap  exists  between  the  needs  of  the  offshore  oil  and  gas  industry  and 
areas  of  research  supported  by  ONR.  NRL  7000  (Ocean  and  Atmospheric  Sci- 
ence and  Space  Technology)  conducts  research  and  development  in  many  areas 
that  have  potential  application  to  offshore  petroleum  activities  (see  Table  D8  in 
Appendix  D),  including  the  following: 
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•  Physics  of  seismic  and  acoustic  energy  interaction  with  seafloor  topogra- 
phy and  subsea  floor 

•  Advanced  electro-optic,  electromagnetic,  and  acoustic  techniques  for 
mapping  and  imaging  the  seafloor  and  sub-seafloor  and  its  variabihty 

•  Analysis  and  modeling  of  atmospheric  processes  on  coastal,  regional,  and 
global  scales 

•  Systems  for  shipboard  tactical  environmental  data  acquisition,  manage- 
ment, and  display 

•  Satellite  data  image  analysis 

•  Simulation  of  atmospherics 

ONR  33  addresses  technology  needs  in  environmental  and  materials  sci- 
ence. Areas  of  R&D  within  ONR  33  that  are  directly  applicable  to  oil  and  gas 
industry  needs  include  the  following: 

•  Separation  of  oily  wastewater  at  sea 

•  Subsea  construction  technologies 

•  Monitoring  methods  for  structures  and  coatings 

•  Environmental  monitoring  and  modeling  methods 

Recent  declassification  of  remote  sensing  data  from  defense  satellites  such 
the  Navy's  geodetic  satellite  GEOSAT  has  generated  tremendous  interest  in  both 
the  petroleum  and  fisheries  industry,  as  these  new  data  allow  greater  accuracy  in 
determining  seafloor  structure  from  observations  of  sea  surface  elevations.  The 
offshore  petroleum  industry  needs  surface  meteorologic  data  as  well  as  bathy- 
metric  data  and  oceanographic  data  for  many  specific  areas  (e.g.,  the  Malacca 
Straits,  the  South  China  Sea,  the  Gulf  of  Thailand,  Scotland's  northwest  ap- 
proaches, Ireland's  western  approaches,  the  Gulf  of  Mexico,  coastal  West  Africa 
[Angola],  and  Sahkalin  Island).  If  this  type  of  meteorological  and  oceanographic 
data  is  made  available  to  the  industry,  enormous  amounts  of  proprietary  data 
might  be  made  available  to  ONTl  in  exchange.  The  petroleum  industry  has  spent 
milhons  of  dollars,  over  several  decades,  to  acquire  detailed  sub-bottom  profiles 
(including  subseafloor  data  to  500  feet),  as  well  as  data  on  seafloor  structures, 
moorings,  and  relevant  modeling  technology  (David  M.  Clementz,  Chevron  Pe- 
troleum Technology  Corporation,  personal  communication,  1995). 

FISHERIES 

Fisheries  enterprises  can  be  divided  into  two  major  elements:  (1)  commer- 
cial and  sport  fishing;  and  (2)  government  agencies,  such  as  the  National  Marine 
Fisheries  Service,  that  monitor  and  regulate  fish  stocks.  These  two  segments  of 
fisheries  have  similar  technology  needs  both  in  terms  of  environmental  data  and 
modeUng  as  well  as  remote  sensing. 

Successful  conmiercial  and  sport  fishing  operations  and  accurate  fish  popu- 
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lation  assessment  and  monitoring  efforts  depend  on  adequate  information  on  sea 
surface  temperature,  surface  current  patterns,  and  the  depth  of  the  thermocline. 
These  parameters  make  it  possible  to  estimate  the  location  of  fronts  which  are 
biologically  active  and  may  harbor  significant  populations  of  plankton  and  fish. 
Although  information  of  this  type  is  not  technology,  the  Navy  has  data  pertinent 
to  fisheries  interests,  which  could  be  transferred  to  the  commercial  sector  through 
various  forecasting  and  data  distribution  services. 

Remote  imaging  techniques  are  important  in  locating  and  assessing  fish 
stocks,  an  important  component  offish  stock  management  and  development.  The 
National  Marine  Fisheries  Service  is  pursuing  the  use  of  lidar  (light  detecting  and 
ranging)  as  a  tool  to  ti-ack  fish  stocks,  especially  open-ocean  stocks  such  as  tuna 
and  salmon.  Smaller  fish  that  swim,  and  feed  in  schools  could  also  be  monitored 
with  such  a  system  (Borstad  et  al.,  1992).  Although  much  of  the  existing  technol- 
ogy for  remote  imaging  was  originally  developed  for  DOD  use,  it  is  beginning  to 
be  declassified  and  has  great  potential  as  an  assessment  tool  (Hunter  and 
Chumside,  1995). 

Areas  of  ONR-supported  research  with  direct  application  to  fisheries  inter- 
ests lie  mostly  within  ONR  32  and  NRL  7000.  Imaging  techniques  developed  in 
these  two  divisions  are  beginning  to  be  used  for  marine  forecasting,  and  enthusi- 
asm is  building  in  the  community  for  airborne  assessment  of  fish  stocks  by  these 
methods.  Meteorologic  and  oceanographic  data  and  modeling  will  be  of  interest 
to  fisheries  forecasting  services. 

ENVIRONMENTAL  COMPANIES 

The  ocean  and  coastal  environmental  industry  needs  science  and  technology 
in  two  major  areas:  (1)  passive  and  active  observation  systems  (e.g.,  remote  and 
in  situ),  and  (2)  predictive  modeling.  The  primary  need  for  these  capabilities  is  in 
regional  seas,  bays,  sounds,  estuaries,  and  other  coastal  water  bodies.  Integrated 
systems  for  observation  and  modeling  of  coastal  and  nearshore  waters  would  be 
of  direct  and  immediate  use  in  assessing  the  impact  of  accidental  and  planned 
discharges,  site  evaluation  for  nearshore  and  offshore  structures,  oil  and  gas 
exploration  and  development,  disposal  of  wastes  at  sea,  and  routing  of  ships.  At 
a  larger  scale,  there  is  a  primary  need  for  cost-effective  systems  for  ocean  ship 
routing,  studies  of  air-sea  interaction  and  its  influence  on  climate  change,  and 
analysis  of  environmental  variability. 

ONR  has  historically  supported,  and  continues  to  sponsor,  a  wide  range  of 
hardware,  software,  and  systems  that  might  be  a  direct  match  to  industr>'  needs. 
These  activities  include  the  design  and  development  of  oceanographic  instrumen- 
tation (e.g.,  acoustic  ocean  networks  and  modems,  profiling  current  meters) 
needed  to  measure  physical,  chemical,  and  biological  parameters.  They  also 
include  the  development  and  operation  of  systems  for  real-time  global,  regional, 
and  local  predictive  modeling  capabilities. 
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MARINE  EQUIPMENT  AND  SERVICE  PROVIDERS 

Marine  equipment  and  service  providers  can  be  divided  into  large  multina- 
tional corporations  and  small,  independent  companies.  Suppliers  of  marine  equip- 
ment are  typically  small  businesses  focused  on  a  single  product.  Performance 
and  price  are  important  in  the  competitive  market.  Products  sold  by  the  industry 
include  the  following: 

Manned  vehicles 

Remotely  operated  vehicles  (ROVs)  and  bottom  crawlers 
Side  scan,  imaging,  and  bottom  sounding  sonars 
Underwater  cameras 

Sensors  of  temperature,  pressure,  conductivity,  water  density,  currents, 
and  wave  height 

Doppler  sonar  : 

Water  samplers 

Flow  meters 

Data  and  voice  communications  equipment 

Underwater  position  tracking  devices 

Connectors 

Cable,  pipes,  and  buoys 

Ships 

Winches,  tow  bodies,  and  tow  arrays 

Transponders,  transducers,  and  magnetometers 

Valves 

Pressure  test  enclosures 

Strip  recorders,  power  amplifiers,  and  data  loggers 

Diving  systems 

Service  providers  in  the  marine  industiy  are  involved  in  a  variety  of  activi- 
ties, including: 

Inspection  and  mapping 

Marine  engineering 

Leasing,  cleaning,  and  installation  of  equipment 

Data  measurement 

Ship  maintenance 

Weather  forecasting  and  ship  routing 

Seismic  surveying 

Service  companies,  in  particular,  range  in  size  from  large  global  operators  to 
small  independent  operations.  The  larger  operators  are  typically  associated  with 
offshore  oil  and  gas  activities.    Many  service  providers  have  a  large  capitcd 
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investment  in  equipment  and  want  to  maximize  the  return  on  that  investment. 
They  are  reluctant  to  buy  new  equipment  unless  there  is  a  need  that  cannot  be 
satisfied  any  other  way. 

The  technology  needs  of  these  industries  are  driven  by  (1)  increasing  work 
depths,  (2)  more  stringent  inspection  requirements,  (3)  new  environmental  moni- 
toring requirements,  and  (4)  the  need  for  increased  operating  efficiency  (i.e., 
greater  submerged  endurance,  better  sensor  resolution,  increased  operating  speed, 
and  an  ability  to  operate  in  a  wider  range  of  sea  conditions). 

FUTURE  AREAS  OF  RESEARCH 

The  majority  of  the  marine  industrial  sector  faces  challenges  similar  to  those 
of  the  offshore  oil  and  gas  industry,  fisheries,  environmental  companies,  and 
equipment  and  service  providers.  Ocean  science  research  and  technology  devel- 
opment that  lead  to  reduced  environmental  impact  of  offshore  activities,  in- 
creased efficiency  in  the  workplace,  and  improved  data  collection,  assimilation, 
and  dissemination  would  be  of  value  to  a  wide  range  of  nonmilitary  marine  users. 
ONR  is  a  leader  in  the  development  of  marine  technology  and  could  play  an 
important  role  in  providing  technology  that  would  produce  such  benefits.  Re- 
search and  technology  development  sponsored  by  ONR  could  be  applied  to  a 
broad  range  of  marine  industry  needs  besides  the  four  areas  mentioned  earlier  in 
this  chapter. 

For  example,  an  important  emerging  need  in  the  marine  industry,  both  for  the 
near-term  and  increasingly  for  the  long-term,  is  the  ability  to  operate  systems 
remotely  at  water  depths  to  3,000  m,  for  extended  periods  in  a  cost-effective 
manner.  Undersea  power  sources  with  greater  energy  and  power  densities  are  a 
major  component  of  these  operating  systems.  The  need  for  remotely  operated 
systems  will  grow  with  the  increasing  depths  and  costs  of  oil  exploration;  its 
development  will  greatly  affect  work  vehicles  used  at  depth  and  the  vehicles  used 
to  monitor  and  survey  pipelines.  ONR  33  directs  some  of  its  research  toward 
increasing  the  energy  density  of  undersea  power  systems.  Increased  emphasis  on 
technology  transfer  in  this  area  could  provide  large  benefits  to  the  commercial 
sector. 

Additional  areas  of  future  research  with  wide  applicability  outside  the  Navy 
may  include  (1)  physics  of  seismic  and  acoustic  energy  interaction  with  seafloor 
topography  and  subsea  floor;  (2)  analysis  and  modeling  of  atmospheric  processes 
at  a  variety  of  spatial  and  temporal  scales;  (3)  enhanced  systems  for  shipboard 
environmental  monitoring;  (4)  improved  satellite  image  analysis;  (5)  improved 
modeling  of  a  variety  of  oceanic  processes  (e.g.,  contaminant  transport,  air-sea 
interaction);  (6)  enhanced  techniques  for  waste  disposal;  (7)  corrosion-  and 
biofouling-resistant  materials;  and  (8)  improved  marine  construction  designs  and 
techniques. 
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To  achieve  satisfactory  levels  of  technology  transfer,  four  approaches  should 
be  considered:  (1)  contact,  two-way  communication,  and  interactive  participa- 
tion between  the  developer  and  the  potential  user  of  the  technology;  (2)  a  new 
organizational  mechanism  for  technology  transfer;  (3)  incentives  for  implement- 
ing technology  transfer,  in  both  the  developer  community  and  the  user  conmiu- 
nity;  and  (4)  metrics  for  evaluating  the  success  of  the  effort.  Discussion  of  these 
options,  while  not  meant  to  be  exhaustive,  is  included  to  provide  suggestions  for 
enhancing  technology  transfer  efforts  at  ONR. 

CONTACT,  COMMUNICATION,  AND  PARTICIPATION 
WITH  THE  USER  COMMUNITY 

ONR  has  historically  relied  on  informal  procedures  to  transfer  technology  to 
academic  and  commercial  markets.  This  has  normally  been  accomplished  by 
participation  of  ONR-supported  scientists  in  professional  meetings  and  forums. 
Given  the  diffuse  nature  of  the  ocean  science  and  engineering  conmiunity,  this 
process,  although  effective  at  a  small  scale,  is  not  necessarily  efficient.  ONR 
could  considerably  strengthen  this  vehicle  for  technology  transfer  by  sponsoring 
special  sessions  on  alternative  uses  of  technology  at  future  professional  meetings. 
ONR  might  also  sponsor  special  forums  where  technology  transfer  opportunities 
are  identified  and  described  in  detail.  These  forums  could  be  held  in  conjunction 
with  ocean  technology  meetings  (e.g..  Offshore  Technology  Conference,  meet- 
ings sponsored  by  the  Marine  Technology  Society  and/or  Institute  of  Electrical 
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and  Electronic  Engineers)  and  ONR-supported  scientists  should  be  encouraged  to 
participate. 

ONR  could  foster  technology  transfer  by  active  participation  in  the  evolving 
number  of  centers  and  collaborative  organizations  in  the  United  States.  The 
National  Science  Foundation,  for  example,  has  a  well-developed  program  that 
brings  individuals  from  academia,  government  laboratories,  and  private  industry 
together  to  establish  closer  working  relationships  and  transfer  technology.  These 
R&D  Centers  have  been  formed  around  disciplinary  topics  (e.g.,  instrumentation, 
data  analysis,  manufacturing,  advanced  materials)  and  also  with  broad  topic  cov- 
erage (e.g..  Ocean  Technology  Center  at  the  University  of  Rhode  Island). 

In  marine  research  and  business  development,  as  in  other  areas  of  modem 
society,  electronic  communications  networks  have  become  a  conmion  tool  to 
enhance  access  to  people,  products,  services,  data,  and  information.  An  impor- 
tant goal  of  providing  this  access  is  efficient  transfer  of  knowledge.  To  ensure 
adequate  transfer,  organizations  measure  performance  of  the  electronic  access 
system  against  customer  (user)  satisfaction  and  take  steps  to  improve  that  perfor- 
mance. 

ONR  has  made  great  strides  in  making  much  of  the  information  about  OI>IR 
programs  and  contact  relationships  readily  available  on  the  Internet.  An  example 
is  the  "ONR  Home  Page"  on  FEDIX  (Federal  Information  Exchange).  ONR  has 
three  major  databases  —  one  for  each  of  the  three  areas  of  federally  funded  R&D: 
6.1  (basic  and  applied  research),  6.2  (exploratory  development),  and  6.3  (ad- 
vanced development).  The  data,  however,  are  presented  in  a  compartmentaUzed, 
topical  directory  (i.e.,  the  databases  are  not  interactive  with  each  other).  Elec- 
tronic access  to  each  database  currently  requires  unique  knowledge  and  skills, 
creating  a  barrier  to  effective  use.  Such  obscurity  serves  the  interests  of  ONR 
security  but  impedes  effective  transfer  of  technology  and  knowledge. 

Creating  a  coherent,  user-friendly  system  of  data  transmission  (with  appro- 
priate security  measures)  should  be  the  prime  objective  of  any  ONR  technology 
outreach  program.  Such  a  system  should  have  not  only  listings  but  also  a  browse 
capability  and  a  help  function.  Customers  who  are  unsophisticated  with  com- 
puter systems  should  still  be  able  to  interact  productively  with  ONR's  technology 
program.  The  discussion  here  applies  not  only  to  contacting  the  Office  of  Re- 
search and  Technology  Application  (ORTA)  and  developing  Cooperative  Re- 
search and  Development  Agreements  (CRDAs),  for  example,  but  to  accessing 
geophysical  data  products  such  as  sea  surface  temperature  and  ocean  circulation 
models. 

A  process  should  be  put  in  place  that  not  only  measures  the  number  of 
successful  inquiries  to  the  database  but  also  provides  a  measure  of  customer 
satisfaction.  Where  matters  of  legitimate  data  security  exist,  the  declassification 
systems  for  academic  access  should  be  extended  to  the  private  sector  (subject  to 
the  same  qualifications  such  protection  imposes  on  academia). 
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A  POTENTIAL  NEW  ORGANIZATIONAL  MECHANISM 

A  private  corporation,  financed  either  (1)  under  an  Advanced  Research 
Projects  Agency  (ARPA)  cooperative  agreement  in  the  form  of  a  grant  or  loan,  or 
(2)  directly  from  ONR,  could  provide  a  timely  and  cost-effective  interchange  of 
technology  and  knowledge  between  ONR  and  private-sector  companies  and  ven- 
ture capitalists.  In  this  report,  such  a  company  will  be  referred  to  as  a  Technology 
Transfer  Corporation  (TTC).  The  TTC  is  presented  only  as  an  example  of  the 
type  of  potential  innovative  solution  ONR  may  wish  to  consider  in  an  effort  to 
increase  technology  transfer. 

Principles  of  Operation 

•  Cost  sharing  between  ARPA  and  TTC  could  be  arranged  such  that  ARPA 
provides  half  the  working  capital  in  the  form  of  a  grant  and  half  in  a  loan  subject 
to  repayment.  The  loan  portion  might  be  a  non-interest-bearing,  three-year  loan, 
unsecured,  with  the  possibility  of  early  repayment  without  penalty.  Repayment 
would  be  from  TTC  operational  profit  after  taxes  or  by  allocation  of  values 
inherent  in  equity  deals  (see  below)  or  royalty  income  streams,  or  both. 

•  TTC  gross  income  would  arise  from  nominal  ser\'ice  fees  and  participa- 
tion in  joint  ventures  distribution  and  royalty  income.  Some  type  of  sliding-scale 
service  fee,  perhaps  proportionate  to  the  capital  of  the  inquiring  party  and  based 
on  cost  plus  10  percent,  would  encourage  serious  inquiry. 

•  The  engine  of  any  such  enterprise  is  a  system  of  incentives  that  encourage 
the  creation  of  something  new  from  the  existing  "raw  material"  represented  by 
ONR  technology  and  private-sector  need. 

Incentive  Structure 

•  ONR.  Successful  implementation  of  a  new  organizational  mechanism 
such  as  TTC  would  require  active  participation  by  ONR.  There  are  several  incen- 
tives for  ONR  participation: 

1 .  Increased  license  and  royalty  fees  (per  Public  Law  99-502,  Appendix 
C) 

2.  Equity  and  dividend  participation  in  third-party  joint  ventures 

3.  Fees  for  increased  use  of  ONR  facilities 

4.  Restoration  to  ONR  of  $1.8  milUon  in  budgeted  funds  resulting  from 
selective  transfer  of  responsibilities  now  performed  in  ONR  3  i ,  ONR 
32,  ONR  33,  and  ONR  36  (David  Rossi,  ONR,  personal  communica- 
tion, 1995) 

5.  Active  exchange  of  knowledge  and  technology  with  partners  in  the 
private  sector.  Principal  investigators  (Pis)  and  ONR  project  manag- 
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ers  should  be  an  integral  part  of  technology  transfer  accomplished 
through  a  TTC  or  any  other  mechanism. 

•  ARPA.  Incentives  for  ARPA  to  participate  include  effective  performance 
of  its  mandated  mission,  broadened  reach  into  currently  inaccessible  areas  of  the 
private  sector,  and  the  possibihty  that  the  50  percent  grant  will  be  recovered  in 
the  form  of  cash  or  value  repayment. 

•  Private  sector.  Incentives  for  private  sector  companies  and  venture  capi- 
taUsts  would  include  the  profit  potential.  Venture  capitalists  could  be  included 
among  prospective  ONR  partners  in  the  formation  of  start-up  enterprises  to  capi- 
talize on  yet  ill-defmed  applications  of  ONR  technology  in  the  private  sector. 

•  TTC.  Standard  entrepreneurial  profit  would  exist  as  an  incentive  for  any 
potential  TTC.  Start-up  capital  would  be  only  half  debt;  equity  would  be  shared 
with  ONR  on  joint  ventures;  profit  potential  would  be  tied  directly  to  perfor- 
mance in  the  transfer  of  knowledge  and  technology. 

•  Academia.  Both  private  and  public  CRD  As  and  TRPs  would  be  largely 
outside  the  exclusivity  of  the  TTC;  therefore,  the  approximately  $400  million  of 
current  ONR  awards  to  3,000-4,000  Pis  for  6.1  (basic  and  applied  research) 
projects  would  be  largely  unaffected.  The  same  would  apply  for  SBIRs  and 
CRDAs. 

The  foregoing  TTC  profile  is  intended  only  as  an  example  of  the  type  of 
innovative  program  ONR  may  wish  to  consider;  consequently,  details  are  absent 
from  its  description.  The  creation  or  implementation  of  any  new  organizational 
mechanism  should  include  the  establishment  of  clear  program  goals  and  relevant 
metrics  to  ensure  that  any  intermediary  entity  truly  facihtates  rather  than  impedes 
technology  transfer.  The  suggestion  reflects  the  conviction,  however,  that  the 
current  status  of  ONR  technology  transfer  cannot  be  remedied  by  minor  reforms 
alone.  What  is  needed  is  a  basic,  organizational  course  change.  The  private 
sector  is  the  best  source  of  information  on  what  it  needs,  at  what  cost,  and  on  what 
timetable.  Creating  a  TTC  is  one  way  for  that  need  to  be  addressed.  ONR  should 
explore  various  options  to  promote  technology  transfer,  including  changes  in 
organizational  structure.  In  addition,  small  business  should  be  an  important 
target  of  ONR  technology  transfer  efforts,  as  smaller  companies  have  the  organi- 
zational flexibility  for  rapid  assimilation  and  use  of  emerging  technology 
(Berkowitz,  1994). 

INCENTIVES 

The  incentives  cited  for  a  TTC  are  equally  applicable  to  existing  ONR  tech- 
nology transfer  programs.  Other  programs  should  be  set  up  to  provide  incentives 
to  specific  groups  to  promote  technology  transfer.  Some  suggested  incentive 
plans  for  each  major  participant  in  marine  research  and  development  are  provided 
below. 
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ONR  Scientists  and  Engineers — ONR  should  set  aside  an  inviolate  portion  of  its 
research  funding  to  focus  on  the  transfer  of  technology  to  the  nonmilitary  sector. 
Several  key  technology  transfer  opportunities  could  be  identified  and  grants 
awarded  to  ONR  researchers  working  in  cooperation  with  a  commercial  firm  to 
produce  a  commercial  product,  process,  or  service.  Cost  sharing  from  the  com- 
mercial firm  might  be  required  as  a  measure  of  its  commitment  and  financial 
capability  to  transfer  the  product  or  service  to  the  marketplace.  Such  an  award 
system  could  readily  be  incorporated  into  the  TTC  concept  discussed  above. 

Other  incentives  in  the  form  of  awards  or  recognition  could  be  used  to  show 
the  value  of  technology  transfer.  These  could  take  the  form  of  financial  awards 
or  simple  recognition  by  higher  management  of  successful  technology  transfer 
efforts  within  a  research  program.  Although  there  exists  a  policy  designed  to 
reward  DOD  employees  for  domestic  technology  transfer  (DOD,  1988)  and  a 
program  to  carry  out  that  policy  (see  Chapter  3),  this  program  appears  to  be  vastly 
under  used.  Evidence  of  successful  technology  transfer  could  be  made  part  of  the 
performance  evaluation  of  ONR  employees  at  all  levels.  This  would  encourage 
employees  to  consider  technology  transfer  as  a  vital  part  of  their  professional 
responsibilities. 

Academic  Scientists  and  Engineers  Supported  by  ONR — ONR  sponsors  approxi- 
mately 4,000  basic  and  applied  research  projects  at  an  average  of  about  $100,000 
per  project.  The  "typical"  project  includes  a  PI  and  a  graduate  student  (or  a 
postdoctoral  researcher).  While  the  following  suggestions  would  not  appeal  to 
all  Pis,  some  would  use  it  to  enhance  technology  transfer. 

If  the  PI  is  able  to  arrange  industrial  cosponsorship  for  an  ONR-sponsored 
project,  ONR  could  underwrite  the  indirect  cost  for  up  to  $30,000  of  the  industri- 
ally funded  direct  cost  (up  to,  perhaps,  $15,000  for  each  year  of  the  ONR-spon- 
sored project).  This  added  cost  to  ONR  would  enable  the  cosponsoring  industry 
to  "buy  into"  a  highly  leveraged  project  and  help  ensure  that  the  focus  of  the 
research  involves  the  company's  commercial  needs  and  product  interests. 

ONR  could  also  seek  an  option  exercisable  at  a  later  stage  of  the  research 
when  the  project  is  more  mature  or  has  become  more  attractive  to  the  potential 
commercial  sponsor,  although  a  lack  of  early  involvement  by  ONR  may  hinder 
later  success.  The  Pis  obviously  benefit  by  increasing  their  research  output 
potential  (e.g.,  an  additional  graduate  student  can  be  supported).  The  advantage 
to  ONTl  is  essentially  the  same:  increased  technology  transfer  (at  the  local  re- 
searcher level)  and  greater  quantity  and  quality  of  research  (from  a  comir.ercial 
standpoint).  The  students  involved  benefit  by  gaining  an  understanding  of  both 
the  Navy's  scientific  interests  and  the  company's  (market-driven)  interests. 

METRICS 

Although  ONR  supports  many  efforts  in  technology  transfer,  it  is  currently 
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difficult  or  impossible  to  determine  the  effectiveness  of  the  various  approaches 
and  programs.  A  clear  set  of  standards  must  exist  for  evaluation  of  all  technology 
transfer  programs,  and  these  metrics  should  be  incorporated  into  the  performance 
evaluations  of  key  personnel.  An  effort  should  be  made  by  the  Chief  of  Naval 
Research  to  identify  and  state  what  standards  will  be  used. 

An  interagency  working  group  (including  members  from  the  Army,  Navy, 
and  Air  Force,  as  well  as  the  National  Institutes  of  Health  and  the  Department  of 
Agriculture)  exists,  in  part,  to  define  technology  transfer  metrics.  This  effort  is 
still  in  progress,  and  the  metrics  have  not  yet  been  identified.  The  delineation  of 
clear  metrics  will  be  an  important  step  toward  adequately  measuring  the  success 
of  technology  transfer  programs  and  identifying  areas  where  improvement  is 
necessary. 
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Findings  and  Recommendations 


The  success  with  which  the  Office  of  Naval  Research  (ONR)  carries  out  its 
mission  clearly  depends  on  mastery  of  the  marine  environment.  This  competence 
comes  from  a  predictive  knowledge  of  ocean  processes  as  well  as  the  tangible 
technology  necessary  to  operate  within  the  marine  regime.  With  declining  fed- 
eral support  to  various  agencies,  it  is  critical  that  ONR  maintain  its  leadership  in 
ocean  sciences,  technology,  and  education  and  further  focus  its  efforts  in  the 
ocean  environment.  This  role  will  ensure  continued  U.S.  leadership  in  marine 
technology  and  provide  the  information  and  technology  pool  on  which  the  private 
sector  can  draw.  The  present  vertical  integration  of  the  agency  could  provide  a 
structure  to  facilitate  technology  transfer.  This  structure  should  then  be  aug- 
mented, as  discussed  in  this  report,  to  improve  the  means  and  the  measurement  of 
technology  transfer  to  military  and  nonmilitary  users.  The  findings  and  recom- 
mendations discussed  below  are  intended  for  use  by  the  director  of  ONR' s  Ocean, 
Atmosphere  and  Space  Department  and  the  Chief  of  Naval  Research.  These 
recommendations  can  and  should  be  acted  upon  as  soon  as  is  practically  possible. 

ONR  RESEARCH  AND  TECHNOLOGY  DEVELOPMENT 

Finding:  The  Office  of  Naval  Research  supports  leading-edge  research  and 
development  in  many  areas  of  ocean  science  and  technology  with  applications  for 
nonmihtary  users. 

ONR-supported  research  accounts  for  a  tremendous  array  of  leading-edge 
scientific  information  and  technological  developments  with  potential  application 
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to  nonmilitary  problems.  These  products  range  from  coatings  and  materials  to 
reduce  ship  corrosion  at  sea  to  sophisticated  computer  models  for  predicting  the 
fate  and  transport  of  oil  spills  (see  Chapter  2).  The  high-quality  scientific  re- 
search and  the  technology  development  supported  by  ONR  are  an  important 
component  of  the  Navy's  efforts  to  maintain  combat  readiness  and  tactical  advan- 
tage. The  committee  recognizes  that  research  and  development  (R&D)  supported 
by  ONR  is  of  vital  importance  to  fleet  effectiveness  and  national  defense.  Many 
of  ONR's  marine  research  programs  and  the  resulting  products,  as  well  as  the 
expertise  they  represent,  do  not  exist  in  the  nonmilitary  sector. 

Reconunendation:  ONR  should  continue  to  fund  and  nurture  long-range  marine 
research  and  technology  development.  These  efforts  should  be  coupled  with  the 
education  and  training  of  scientific  and  engineering  personnel  in  ocean  science 
and  technology. 

STATUS  OF  TECHNOLOGY  TRANSFER  AT  ONR 

Finding:  Federal  agencies  are  mandated  by  public  law  to  transfer  technology 
(see  Appendix  C).  The  transfer  of  ocean  science  and  technology  within  the  Navy 
and  to  other  government  agencies,  and  to  a  large  extent,  to  academia,  appears  to 
be  adequate.  Technology  transfer  to  the  nonmiUtary  commercial  sector,  by  con- 
trast, is  clearly  inadequate.  This  inadequacy  is  particularly  evident  in  the  transfer 
of  technology  to  major  U.S.  corporations  that  lack  a  history  of  involvement  with 
ONR  and  to  small  companies  (less  than  100  employees  and  less  than  $30  million 
in  revenues)  of  all  types. 

The  Navy's  mission  of  national  security  has  properly  dominated  ONR 
thought  and  action.  The  transfer  of  ONR-sponsored  technology  and  icnowledge 
to  the  private  sector  is,  however,  directed  by  Public  Law  96-480  (Appendix  C) 
and  interpreted  by  DOD  Regulation  for  Domestic  Technology  Transfer: 

Make  available  for  use  within  the  Component  not  less  than  half  of  one  percent 
(0.5  percent)  of  the  total  R&D  budget,  to  support  the  domestic  technology  trans- 
fer functions  of  the  Component  as  specified  in  Section  11  of  Public  Law  96-480 
(Reference  [a]).  This  provision  may  be  waived  by  notification  to  Congress  on 
an  annual  basis  at  the  same  time  as  the  budget  submission  to  the  Congress 
including  explanation  of  reasons  for  the  waiver  and  alternate  methods  of  con- 
ducting the  technology  transfer  function.  Department  of  Defense  (1988,  pp.  1- 
4). 

This  provision  was  amended  in  1989  by  Public  Law  101-189  (Appendix  C) 
to  require  that  "each  Federal  agency  which  operates  or  directs  one  or  more 
Federal  laboratories  shall  make  available  sufficient  funding,  either  as  a  separate 
line  item  or  from  the  development  budget,  to  support"  technology  transfer.   In 
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response  to  this  directive,  ONR  has  structured  and  staffed  a  system  incorporating 
Cooperative  Research  and  Development  Agreements  (CRDAs),  an  Office  of  Re- 
search and  Technology  Applications  (ORTAs),  and  specialized  programs  for 
patent  license  and  shipyard  and  vessel  improvement.  Although  it  is  unclear 
whether  the  funding  mandate  is  being  met,  the  level  of  activity  and  results  dem- 
onstrate that  technology  transfer  is  not  effective  in  the  ocean  science  and  technol- 
ogy areas. 

Representatives  of  marine  industries  indicated  to  the  conamlttee  that  there  is 
little  direct  involvement  by  ONR  in  commercial  offshore  research  and  develop- 
ment activity.  An  examination  of  the  few  m.easures  of  performance  available 
(e.g.,  participation  by  ONR  in  cooperative  research  and  development  agreements, 
number  of  patents  licensed)  seems  to  support  this  view  (see  Chapter  3). 

Recommendation:  ONR  should  allocate  sufficient  resources  to  ensure  the  suc- 
cess of  technology  transfer  to  the  domestic  nonmilitary  sector  in  ocean  science 
and  technology. 

TECHNOLOGY  TRANSFER  AT  ONR:  THE  ORGANIZATION 

Finding:  Even  though  an  organizational  structure  apparently  exists  to  facilitate 
domestic  technology  transfer  by  ONR,  the  existing  process  is  primarily  ad  hoc 
and  reactive  rather  than  proactive. 

Industries  that  do  not  have  a  connection  to  ONR  find  it  difficult  and  costly  to 
gain  access  to  information  available  at  ONR.  The  perception  is  that  there  is 
valuable  technology  at  ONR  but  that  existing  mechanisms  are  not  adequate  to 
promote  the  development  of  this  technology  for  commercial  purposes  (see  Chap- 
ter 3).  For  these  and  other  reasons,  simply  introducing  financial  or  personnel 
management  pohcies  may  fail  to  stimulate  the  technology  interchange  desired. 
There  is  a  need  for  a  new  organizational  mechanism  that  acknowledges  that  the 
private  sector  is  the  best  judge  of  what  technology  it  needs,  at  what  cost,  and  on 
what  timetable  (see  Chapter  5).  ONR  does  not  possess  the  experience  and  per- 
spective required  to  make  such  determinations  without  significant  input  from  the 
user  conmiunity. 

Recommendation:  ONTl  needs  to  take  a  more  proactive  role  in  domestic  tech- 
nology transfer  in  ocean  science  and  technology.  This  can  be  accomplished  using 
a  combination  of  strategies,  including  organizational  realignment,  electronic  da- 
tabases, newsletters,  sponsored  forums  and  workshops,  professional  association 
meetings,  personal  communication  among  principal  investigators,  and  funding 
incentives  within  ONR  for  programs  that  facilitate  commercial  product  develop- 
ment. The  existing  programs  intended  to  promote  conmiunication  between  ONR 
and  the  nonmilitary  sector  should  be  used  to  determine  industry  needs. 
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TECHNOLOGY  TRANSFER  AT  ONR:  THE  INDIVIDUAL 

Finding:  Few  incentives  apparently  exist  within  ONR  to  promote  domestic 
technology  transfer  at  the  level  of  administrative  program  managers  and  investi- 
gators. 

Investigators  both  within  and  outside  of  the  Navy  are  motivated  to  produce 
superior  research  or  develop  new  technology  so  they  may  receive  continued 
funding  or  peer  recognition.  Similar  inducements  do  not  exist  to  leverage  R&D 
efforts  for  application  beyond  their  originally  intended  use.  ONR  investigators 
are  well  intentioned,  but  to  take  further  advantage  of  R&D  expenditure,  addi- 
tional incentives  are  required  to  encourage  the  extra  effort  needed  to  focus  on 
technology  transfer  (see  Chapter  5).  Exploiting  (or  leveraging)  technology  must 
become  a  performance  objective  of  the  entire  ONR  organization. 

It  is  beyond  the  purview  of  this  study  to  recommend  specific  program  goals 
and  levels  of  performance  to  ONR.  As  the  principal  executive  of  ONR,  however, 
the  Chief  of  Naval  Research  should  create  plans  for  the  transfer  of  technology 
with  specific  objectives  and  milestones  for  accomphshment.  Such  plans  should 
reflect  the  program  wide  priority  to  be  placed  on  technology  transfer  to  the 
nonmilitary  sector.  Progress  toward  achieving  these  objectives  should  be  man- 
aged like  any  other  development  project  and  progress  should  be  reported  on  a 
regular  basis.  Individual  performance  objectives  should  be  estabhshed,  begin- 
ning with  top  ONR  executives  and  including  all  team  leaders  and  laboratory 
investigators.  Individuals  should  be  rewarded  or  recognized  on  the  basis  of 
achievement  measured  against  these  objectives.  To  ensure  the  success  of  tech- 
nology transfer,  effective  training  will  be  required  to  enable  all  employees  to 
understand  both  the  goals  and  the  mechanisms  of  effective  technology  transfer. 

Recommendation:  Incentives  need  to  be  provided  at  the  program  level,  and 
measures  of  performance  established  at  the  executive  level,  to  promote  domestic 
technology  transfer.  The  Chief  of  Naval  Research  needs  to  provide  executive 
leadership  and  operational  training  at  all  levels  of  the  organization  to  implement 
an  effective  technology  transfer  policy. 
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Letter  of  Request 


DEPARTMENT  OF  THE   NAVY 

OFFICE  OF  NAVAL  RESEARCH 
•OO  NORTH  QUINCY  STREET 
ARLINGTON.  VA   222175660  in  nePLr  REFEN  TO 

Ser  32/033/94 
3 1  Aug  94 

SIP  1  2  1994 

Dr.  William  MerreU 

Texas  A&M  University  ' 

5007  Avenue  U 

Galveston,  TX  77551 

Dear  Dr.  Nkrreil: 

I  am  writing  to  request  the  Ocean  Studies  Board's  (OSB)  assistance  in  identiiying  science  and 
technology  initiatives  that  respond  to  Navy,  national,  and  industry  needs    As  you  are  aware,  the 
Navy  has  become  increasingly  interested  in  transitioning  the  results  of  its  research  and 
development  to  commercial  use,  and  to  pursue  "dual  use"  research.  I  believe  that  the  OSB  could 
be  instrumental  in  helping  the  Navy  because  of  the  board's  interactionwith  various  parts  of  the 
Navy  in  the  past  and  the  board's  experience  in  conducting  aCTivities  that  bring  Navy  personnel  and 
civilians  together  to  discuss  issues  of  mutual  interest  (eg.,  the  Tactical  Oceanography  Symposia) 

I  would  like  the  OSB  to  review  the  status  of  dual  use  research  in  the  Office  of  Naval  Research 
(ONR)  laboratories  and  to  advise  ONR  on  the  areas  in  which  the  Navy  has  particular  competence 
and  ongoing  activities,  that  are  also  of  interest  to  industry    I  would  also  be  interested  in  involving 
staff  from  the  Advanced  Research  Projects  Agency  and  National  Institute  of  Standards  and 
Technology  because  of  their  expertise  in  technology  transfer.  I  believe  that  the  OSB  meeting 
held  at  the  Naval  Observatory  last  year  could  provide  a  starting  point  for  your  project.  I  will 
commit  5100,000  for  this  activity  and  would  like  to  receive  the  report  of  your  study  by  30  June 
1995.  Please  call  me  if  you  would  like  to  discuss  the  proposed  study  in  greater  detail. 

Sincerely, 


«^=3w^Cd 


DR  JAMES  J  DeCORPO 

Director 

Ocean,  Atmosphere  and  Space  Department 
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Biographies  of  Committee  Members 


Gerald  A.  Cann  chaired  the  Committee  on  Alternative  Uses  of  Naval  Technol- 
ogy. He  is  senior  adviser  to  the  Executive  Office  of  Raytheon  Company.  Mr. 
Cann  graduated  from  New  York  University  in  1953  and  served  two  years  in  the 
U.S.  Army  Signal  Corps.  He  is  a  former  assistant  secretary  of  the  Navy  (Re- 
search, Development,  and  Acquisition).  Mr.  Cann  has  more  than  40  years  of 
experience  in  senior  management,  including  more  than  20  years  in  industry  and 
20  years  in  the  government  specializing  in  technology  application,  system  devel- 
opment, and  acquisition.  He  has  extensive  experience  in  program  development, 
program  execution,  and  reorganization  of  major  business  units.  He  is  a  member 
of  the  Ocean  Studies  Board. 

Mary  Altalo  is  associate  vice  chancellor  of  marine  science.  University  of  CaU- 
fomia,  San  Diego,  and  deputy  director  for  scientific  affairs,  Scripps  Institution  of 
Oceanography.  She  earned  a  Ph.D.  from  the  Johns  Hopkins  University.  Dr. 
Altalo  has  held  positions  at  the  Chesapeake  Bay  Institute  at  Johns  Hopkins,  the 
College  of  Marine  Studies  at  the  University  of  Delaware,  Martin  Marietta,  the 
Biological  Oceanography  program  at  the  National  Science  Foundation,  and  the 
Oceanic  Biology  program  at  the  Office  of  Naval  Research.  Dr.  Altalo  has  re- 
search interests  in  phytoplankton  bloom  formation  in  nearshore  waters  and  has 
used  acoustic  and  remote  sensing  techniques  to  track  bloom  formation.  She 
served  on  the  Ocean  Studies  Board  Committee  on  High-Priority  Science  to  Meet 
National  Coastal  Needs  and  is  a  former  member  of  the  Ocean  Studies  Board. 
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William  Berry  is  president  of  Applied  Remote  Technology,  which  directs  the 
development  of  enabling  technologies  for  undersea  vehicle  systems.  He  holds  a 
B.S.  in  electrical  engineering  from  the  University  of  New  Hampshire  and  an 
M.A.  in  public  administration  from  the  University  of  Northern  Colorado.  He  has 
extensive  experience  in  undersea  systems  development  and  production. 

Charles  Black  is  president  of  the  Mardela  Corporation.  He  has  extensive  expe- 
rience in  marine  technology  and  as  a  marine  adviser  over  a  broad  range  of 
maritime  issues.  Mr.  Black  has  served  as  president  of  the  Mardela  Corporation 
since  1968  and  chairman  of  the  Marquest  Group,  Inc.,  in  Bourne,  Massachusetts, 
since  1983.  He  has  been  involved  with  the  design,  manufacture,  and  operation  of 
equipment  for  deep-ocean  search,  positioning,  and  imagery  and  has  conducted 
pioneering  work  in  oyster  and  marine  gastropod  aquaculture.  Mr.  Black  has 
served  on  a  number  of  national  and  international  marine  advisory  panels,  includ- 
ing the  Indian  Ocean  Fisheries  Commission,  the  Conference  on  the  Law  of  the 
Sea,  the  Marine  Fisheries  Advisory  Commission  of  the  National  Oceanic  and 
Atmospheric  Administration,  and  the  National  Advisory  Committee  on  the 
Oceans  and  Atmosphere. 

Anthony  Calio  is  executive  vice  president  of  Hughes  Information  Technology 
Corporation.  He  is  a  former  undersecretary  of  Commerce  for  Oceans  and  Atmo- 
sphere, and  assistant  administrator  for  space  appUcation  for  the  National  Aero- 
nautics and  Space  Administration  (NASA).  He  holds  a  B.A.  from  the  University 
of  Pennsylvania,  is  a  Sloan  Fellow  from  the  Graduate  School  of  Business  at 
Stanford  University,  and  holds  a  D.Sc.  from  Washington  University.  Dr.  Calio 
was  the  recipient  of  NASA's  Exceptional  Service  medal.  Exceptional  Scientific 
Achievement  medal,  and  Distinguished  Service  medal. 

Edward  Liszka  is  associate  director  of  the  Applied  Research  Laboratory  ( ARL) 
at  Pennsylvania  State  University.  He  directs  the  major  technology  and  develop- 
ment programs  performed  by  ARL,  including  weapons  technology,  underwater 
acoustics,  and  undersea  vehicles.  Dr.  Liska  is  a  past  manager  of  the  Navy's 
technology  efforts  for  undersea  weapons  guidance  and  control  and  was  awarded 
the  Navy's  Special  Achievements  Award.  He  holds  B.S.  and  M.S.  degrees  in 
electrical  engineering  from  Pennsylvania  State  University  and  a  Ph.D.  in  applied 
physics  from  Catholic  University  of  America. 

William  Silcox  is  retired  from  a  vice  presidency  at  Wellstream  Corporation  and 
a  long  career  with  Chevron  Corporation  as  senior  offshore  engineer  in  its  Off- 
shore Technology  and  Planning  Staff.  Mr.  Silcox  holds  a  B.S.  from  the  Univer- 
sity of  California,  Berkeley,  and  has  been  a  consultant  to  the  National  Science 
Foundation's  Deep  Sea  DriUing  Project,  the  National  Petroleum  Council  Task 
Group  on  Arctic  Oil  and  Gas  Reserves,  and  the  American  Petroleum  Institute.  He 
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is  a  former  member  of  the  Marine  Board  of  the  National  Research  Council  and  is 
a  member  of  the  National  Academy  of  Engineering. 

Malcolm  Spaulding  is  a  professor  of  ocean  engineering  at  the  University  of 
Rhode  Island.  He  earned  a  B.S.  and  a  Ph.D.  in  mechanical  engineering  from  the 
University  of  Rhode  Island.  Dr.  Spaulding  studies  numerical  modeling  of  coastal 
and  shelf  processes  to  predict  oil  spill  fates  and  impact  and  pollutant  transport. 

Glenn  Stoner  is  an  expert  on  bioelectrochemistry  and  marine  corrosion  control. 
He  holds  degrees  from  the  University  of  Missouri  and  University  of  Pennsylvania 
and  is  currently  professor  of  materials  science  and  engineering  and  director  of  the 
Center  of  Electrochemical  Sciences  and  Engineering  at  the  University  of  Virginia 
in  Charlottesville.  Dr.  Stoner  has  taught  courses  in  corrosion  throughout  the 
United  States,  Europe,  and  the  Middle  East,  and  is  a  consultant  with  several 
companies  and  national  laboratories.  He  holds  12  patents  and  is  the  author  of  75 
publications  in  electrochemistry  and  corrosion. 
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Legislation  Related  to 
ONR  Technology  Transfer 


(Source:    Technology  Innovation,  Federal  Laboratory  Consortium  Special  Re- 
ports Series  No.  1 ,  West  Publishing  Company,  St.  Paul,  Minnesota,  August  1994) 

The  Stevenson-Wydler  Technology  Innovation  Act  of  1980  -  (Pubhc  Law  96- 
480) 

•  required  federal  laboratories  to  take  an  active  role  in  technical  coopera- 
tion 

•  established  Offices  of  Research  and  Technology  Apphcation  (ORTAs)  at 
major  federal  laboratories 

•  established  the  Center  for  the  Utihzation  of  Federal  Technology  within 
the  National  Technical  Information  Service  (NTIS)  to  aid  in  the  dissemination  of 
information. 

The  Bayh-Dole  Act  of  1980  -  (Pubhc  Law  96-517) 

•  allowed  small  businesses  and  not-for-profit  groups  to  obtain  title  to  inven- 
tions developed  with  government  support,  to  encourage  cooperation  between  the 
government  and  private  groups  in  developing  technology. 

The  Small  Business  Innovation  Development  Act  of  1982  -  (Pubhc  Law  97- 
219) 

•  required  agencies  to  provide  special  funds  for  small  business  research  and 
development  (R&D)  with  applications  for  defense  needs. 
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The  Federal  Technology  Transfer  Act  of  1986  -  (Public  Law  995 12) 

•  mandated  that  technology  transfer  be  a  responsibility  of  all  federally  em- 
ployed scientists  and  engineers  and  be  considered  as  part  of  federal  laboratory 
employee  performance  evaluations 

•  established  principle  of  royalty  sharing  for  federal  inventors  (15  percent 
minimum)  and  set  up  reward  system  for  other  innovators 

•  chartered  the  Federal  Laboratory  Consortium  (FLC)  for  Technology 
Transfer  and  provided  funding  for  its  operations 

•  Cooperative  Research  and  Development  Agreements  (CRDAs)  made  pos- 
sible between  government  labs  and  private  companies,  with  negotiation  of  licens- 
ing agreements  and  exchange  of  personnel,  services,  and  equipment. 

Executive  Order  12591  of  1987  -  (EO  12591) 

•  emphasized  the  government's  commitment  to  facihtating  access  to  sci- 
ence and  technology. 

National  Competitiveness  Technology  Transfer  Act  of  1989  -  (Public  Law 
101-189;  included  as  Section  3131  of  the  Department  of  Defense  Authorization 
Act  for  FY  1990) 

•  granted  opportunities  to  government-owned,  contractor-operated  (GOCO) 
federal  laboratories  to  enter  into  CRDAs  and  other  activities  with  universities  and 
private  industry 

•  provided  technology  transfer  mission  for  nuclear  weapons  laboratory 

•  revised  amount  of  budgetary  support  for  domestic  technology  transfer 

Defense  Conversion,  Reinvestment  and  Transition  Act  of  1992 

•  provided  funding  for  technology  transfer  activities 

•  established  Technology  Reinvestment  Project  (TRP),  administered  by  the 
Advanced  Research  P*rojects  Agency  (ARPA) 

Small  Business  Technology  Transfer  Act  of  1992  -  (PL  102-564) 

•  established  Small  Business  Technology  Transfer  (STTR)  programs, 
within  DOD  and  other  federal  agencies.  STTRs  are  similar  to  Small  Business 
Innovation  Research  programs. 

•  required  federal  agencies  to  fund  cooperative  R«&D  projects  with  small 
companies,  researchers  at  universities,  federally  funded  research  and  develop- 
ment companies,  or  nonprofit  research  institutions. 

Defense  Authorization  Acts  of  1993  and  1994  -  (Public  Law  102-484;  Public 
Law  103-160) 

•  encouraged  DOD  to  transfer  technology  to  small  businesses 

•  streamlined  processes  for  technology  transfer 
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APPENDIX 


Acronyms  and  Definitions 


ARPA — Advanced  Research  Projects  Agency 

AUV — autonomous  undenvater  vehicle,  an  untethered  submersible  capable  of 

operating  without  receiving  real-time  instructions 

CNR — Chief  of  Naval  Research,  administrative  head  of  the  Office  of  Naval 
Research 

CRDA  or  CRADA — Cooperative  Research  and  Development  Agreement,  a  co- 
operative agreement  between  a  federal  agency  or  agencies  and  any  nongovern- 
ment party 

DOD — Department  of  Defense 

DTT —  Domestic  Technology  Transfer,  a  program  implemented  by  the  Navy  and 
other  agencies  to  manage  and  monitor  the  transfer  of  technology  to  the  nonmili- 
tary  sector 

FTE  — Full-time  effort  or  equivalent,  a  measure  of  work  or  effort  considered  to 
be  equivalent  to  one  individual  working  full  time 

NASA — National  Aeronautics  and  Space  Administration 
NIST — National  Institute  for  Standards  and  Technology,  a  federal  agency  within 
the  Department  of  Commerce 
NRAC  — Naval  Research  Advisory  Commission 

NRL — Naval  Research  Laboratory,  an  agency  within  the  Office  of  Naval  Re- 
search 
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68  APPENDIX  E 

NRL  7000  -  an  organizational  entity  within  the  Naval  Research  Laboratory'  spe- 
cifically responsible  for  ocean  and  atmospheric  science  and  space  technology 
NTIS  -  National  Technology  Information  Service 

ONR  -  Office  of  Naval  Research,  the  primary  agency  within  the  Department  of 
the  Navy  responsible  for  conducting  and  sponsoring  scientific  research  and  tech- 
nology development  for  use  by  the  fleet 

ONR  32 —  Department  of  Ocean,  Atmosphere  and  Space  Science  and  Technol- 
ogy, organizational  entity  within  the  Office  of  Naval  Research  responsible  for 
conducting  and  sponsoring  scientific  research  and  technology  development  for 
use  in  the  ocean,  atmosphere,  or  space 

ONR  321 — Sensing  and  Systems  Division,  primary  program  within  ONR  32 
within  which  remote  sensing  research  and  development  is  housed 
ONR  322 — Modeling  and  Prediction  Division,  program  within  ONR  32 
ONR  33 — Engineering  Materials  and  Physical  Science  and  Technology  Depart- 
ment, organizational  entity  within  the  Office  of  Naval  Research  primarily  respon- 
sible for  developing  new  materials  for  use  in  naval  equipment 
ONR  34 — Personnel  Optimization  and  Biomolecular  Science  and  Technology 
Department,  organizational  entity  within  Office  of  Naval  Research  primarily 
responsible  for  research  and  development  for  systems  that  interface  with  the 
biosphere  (e.g.,  work  equipment,  coatings  to  reduce  barnacle  attachment) 
ONR  36 — Industrial  Programs  Department,  organizational  entity  within  the  Of- 
fice of  Naval  Research  responsible  for  research  and  development  in  manufactur- 
ing science  and  industry  outreach 

ORTA — Office  of  Research  and  Technology  Application,  a  function  established 
in  each  DOD  activity  to  coordinate  the  Domestic  Technology  Transfer  Program 
as  outlined  in  DOD  3200.12-R-4 
OSB — Ocean  Studies  Board  of  the  National  Research  Council 

PI — principal  investigator 

R&D — ^research  and  development 

ROV — remotely  operated  vehicle,  an  undersea  vehicle  that  receives  instructions 
from  a  surface  vessel  or  manned  submersible  or  similar  remote  location,  com- 
monly over  a  communications  tether  or  cable 

J', 

S&T — science  and  technology 

SBIR — Small  Business  Innovation  Research,  a  program  sponsored  by  federal 
agencies  such  as  the  Navy  to  facilitate  the  commerciahzafion  of  technology  by 
small  businesses 

TRP — Technology  Reinvestment  Program,  programs  that  emphasize  cost-shar- 
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ing  cooperation  between  federal  agencies  and  the  civilian  sector  for  the  develop- 
ment of  military  technology  for  nonmilitary  use 

TTC Technology  Transfer  Cooperation,  a  mechanism  specifically  suggested  in 

this  report  as  a  means  to  further  facilitate  the  transfer  of  technology  from  the 
Navy  to  the  nonmilitary  sector 

6,1 — basic  and  applied  research,  a  federal  funding  category  that  targets  the  earli- 
est stages  of  technology  development 

6.2 — exploratory  development,  a  federal  funding  category  that  targets  intermedi- 
ate stages  of  technology  development,  in  which  original  concepts  are  developed 
for  potential  operational  use  (e.g.,  design  of  a  prototype) 
6  J — advanced  development,  a  federal  funding  category  that  targets  the  last  stages 
of  technology  development  before  concepts  are  made  fully  operational  (e.g., 
construction  and  testing  of  a  prototype) 
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Foreword 


June  1995 

This  report  from  a  iMEDEA  Special  Task  Force  is  provided  in  response  to  a  request  from  the  Navy  Meteorology 
and  Oceanography  Comm.and  to  examine  its  oceanographic  data  holdings  and  determine  thei'  potential  scientific  utility. 
The  conclusions  reported  here  represent  the  result  of  a  remarkable  collaboration  between  civilian  scientists  and  members 
of  the  Navy's  oceanographic  community.  The  results  of  this  collaboration  have  led  to  the  identification  of  numerous  databases 
which,  if  made  available  to  the  civilian  community,  would  greatly  advance  the  ocean  sciences  and  our  knowledge 
of  the  ocean  environment. 

We  clearly  recognize  that  serving  the  needs  of  national  security  through  oceanographic  support  to  naval  operations 
remains  the  pnmary  responsibility  of  the  Naval  Meteorology  and  Oceanography  Command  the  primary  custodian  of  the 
data  examined  in  this  study.  However,  because  of  the  resources  and  time  involved,  the  data  collected  by  the  Navy  for  this  purpose 
are  truly  unique  and  could  never  be  duplicated  in  the  civilian  sector.  Release  of  these  data  in  an  appropriate  way  would  advance 
the  state  of  ocean  science  by  many  years  and  result  in  an  important  public  benefit  from  the  Navy's  previous  investments. 

The  relea.se  of  these  data  would  also  facilitate  a  closer  working  relationship  between  civilian  and  Navy  ocean  science  communities, 
to  the  benefit  of  both.  It  is  my  firm  belief  that  such  collaboration  would  .strengthen  the  Navy's  overall  capabilities  to  understand 
and  utilize  the  oceans  in  addressing  its  national  security  responsibilities. 

It  is  my  hope  that  the  scientific  conclusions  re|)orted  here,  when  viewed  by  others  in  the  light  of  pist-cold-war  evolution  in  our 
national  security  needs,  will  lead  to  appropriate  ways  to  make  these  important  data  publicly  available. 


y'^-n-vj^l  W( 


Dr.  Gordon  J.  MacDonald 
Chairman,  MEDEA 
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Executive  Summary 


GENESIS  OF  THIS  MEDEA  STUDY 

There  is  agrowing  public  understanding  that  changes  in  Earth's 
environment,  both  natural  and  manmade,  can  significantly 
affect  important  dimensions  of  the  nation's  vitality,  including 
aspects  of  the  economy,  quality  of  life,  international  relations, 
and  national  security.  An  enhanced  scientific  understanding  of 
tfie  key  physical  processes  (such  as  global  transport  of  heat  and 
carbon  dioxide  via  ocean  circulation)  is  key  to  developing 
appropriate  and  responsive  public  policies.  A  major  limitation 
lo  achieving  this  understanding  is  the  lack  of  historical 
observations  and  adequate  ongoing  measurements  of  these 
environmental  processes.  In  addition,  the  interests  of  U.S. 
national  security  are  increasingly  concerned  with  ensunng 
environmental  security  on  global,  regional,  and  national  scales. 
In  order  to  develop  public  policies  based  on  a  quantitative 
scientific  understanding  of  the  environment  in  the  face  of 
limited  resources  available  for  new  programs,  it  will  be  necessary 
to  exploit  fully  the  environmental  data  resources  already 
collected  by  the  Navy  (indeed  of  all  of  the  Department  of 
Defense  [DoD]  and  the  intelligence  community)  during  the 
course  of  the  cold  war. 


In  response  to  a  request  from  Vice  President  (then  Senator) 
Gore,  an  Environmental  Task  Force  (ETF)  was  established  in 
1992  by  the  Director  of  Central  Intelligence  (DCI),  including 
involvement  by  DoD  and  other  agencies.  The  primary  emphasis 
of  the  ETF  study  was  on  space-based  systems  and  capabilities, 
including  the  National  Technical  Means  ( NTM).  Some  attention 
was  paid  to  a  variety  of  Navy  systems  and  databases;  however, 
thai  study  did  not  encompass  an  in-deplh  examination  of  the  'ull 
variety  o(  the  .Navy's  oceanographic  data  sets  and  capabilities. 

There  was  an  opportunity  to  address  those  omissions  with  the 
formation  of  the  MEDEA  follow-on  to  the  original  ETF. 
Therefore,  at  the  Navy's  request,  the  present  study  was 
undertaken  to  examine  the  various  classified  databa.ses.  pro- 
ducts, and  capabilities  of  the  Naval  Meteorology  and 
Oceanography  Command  (NAVMETOCCOM), 

The  intention  of  this  study  was  to  deiennine  the  potential 
for  unique  and  important  environmental  research  arising  from 
the  use  of  existing  classified  Navy  databases,  and  to  prioritize 
these  data  for  subsequent  Navy  declassification  efforts.  In 
addition,  this  study  was  to  identify  opportunities  for  collaboration 
between  the  civilian  and  Navy  ocean  science  communities  that 
could  benefit  both,  and  to  suggest  ways  to  obtain  increased 
national  benefit  from  previous  public  investments  in  global 
data  collection  and  modeling  by  the  Navy, 


(iifiHM  Or  I  wtH.HM'HSC  l);'.\  Cm  Ui  th 


Over  many  years,  and  with 
increasing  technical  sophistication, 
the  Navy  has  conducted  systematic 
survey  and  measurement  operations 
covering  most  of  the  world 's  oceans. 
Over  the  decades  of  the  cold  war, 
these  operations,  involving  several 
dedicated  ships,  amassed  results  from 
about  100  ship-years  of  data  collection. 

Data  collected  include  measurements 
of  the  marine  gravitational  and 
puignetic  fields,  seafloor  bathymetry 
and  sediment  properties,  and  such 
physical  properties  as  salinity  and 
temperature  vertical  profile  sections. 
Various  other  naval  platforms,  such 
as  aircraft  atui  unattended  butrys. 
have  been  used  extensively  in  this 
measurement  program. 
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RECOMMEND  A  TIONS 

The  major  product  of  this  study  is  a  set  of  recommendations 
encompassing  three  dimensions: 

•  An  identification  of  the  potential  for  the  Navy '  s  oceanographic 
databases  to  support  important  scientific  research,  should 
public  release  become  possible; 

•  A  determination  of  how  scientific  benefit,  consistent 
with  national  priorities  in  science  and  technology,  can 
be  obtained  from  those  data  that  national  security  concerns 
have  thus  far  prevented  from  being  publicly  available;  and, 

•  A  specification  of  means  whereby  closer  ties  between 
the  naval  and  civilian  oceanography  communities  could  be 
achieved  '.hat  would  be  a  significant  benefit  to  both  parties. 


Table  I  contains  the  top-level  recommendations  of  this  study. 
In  combination,  these  recommendations,  if  adopted,  would 
result  in  greater  exploitation  and  societal  benefit  of  the 
considerable  public  investment  in  the  unique  environmental 
databases  and  modeling  capabilities  developed  by  the  Navy 
during  the  decades  of  the  cold  war.  In  addition,  through 
improved  ties  to  its  basic  research  underpinnings,  the  applied 
science  of  naval  oceanography  would  be  strengthened. 

It  would  be  beyond  the  purview  of  this  study  to  become 
enmeshed  in  issues  related  to  the  possible  implementation  of 
the  recommendations  to  follow.  However,  it  is  very  clear  that 
resources  will  be  required,  including  some  level  of  manpower, 
perhaps  some  investment  in  hardware  and  software  for 
processing  and  data  exploitation,  and,  of  course,  time  and 
funding.  Here  we  can  only  recognize  the  need  to  examine  the 
resource  question  without  quantifying  its  magnitude. 
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The  red  shaded  area  illuslrales 
the  global  scope  of  the  Navy's 
oceano^raphk  sur\'ey  and 
measuremeni  program.  As  the 
tapered  shading  suggests,  there 
has  been  a  greater  concen- 
tration of  resources  in  the 
Northern  Hemisphere  than 
the  Southern  Hemisphere. 
Also  shown  schematically 
are  inset  illustrations  of  how 
different  the  densities  of  ship 
trucks  might  be  in  different 
ocean  areas-  Tracks  of  naval 
oceanographic  surx'cys  (blue) 
from  just  the  unclassified 
cruises  covering  the  years 
from  1986  to  1995  show 
the  worldwide  nature  of 
s  of  data. 


Examination  of  all  sur\'ey 
ship  tracks  from  the  entire 
cold  war  history  of  naval 
survey  operations  would 
show  both  a  global  breadth 
ofcoveragt  and  a  scientifically 
well  founded  spatial  sampling 
of  ocean  processes. 


SCIENTIFIC  UTILITY 
Discussion 

During  the  past  30  years,  the  Navy's  ocean  surveys  have 
systematically  collected  bathymetry,  gravity,  magnetics, 
and  salinity/temperature  data  on  a  global  basis.  In  particular, 
these  surveys  encompass  almost  all  of  the  Northern  Hemisphere 
(Figure  2).  Altogether  more  than  100  ship-years  of  data 
acquisition  have  been  devoted  to  this  effort,  making  this  the 
most  comprehensive  ocean  sun'eying  activity  ever  undertaken. 
It  is  highly  unlikely  that  such  an  effort  will  ever  be  repeated, 
and  it  is  certain  that  civilian  environmental  scientinc 
resources  could  not  aspire  to  an  ocean  survey  program  of 
this  magnitude  during  the  next  20  years. 

The  scientific  value  of  this  data  set  and  other  data  examined, 
such  as  acoustic  ice  thickness  data  collected  froni  submarine 
upward-looking  sonars  (ULS ),  is  exU'aordinary .  The  unclassified 
release  of  these  data  would  almost  certainly  result  in  significant 


advances  in  many  fields  of  ocean  and  geophysical  science. 
Release  of  curtently  classified  data  and  improved  access  to 
classified  data  by  researchers  would  stimulate  the  civil/academic 
scientific  community  to  produce  new  knowledge  and  data 
products  that  would,  in  turn,  be  useful  to  the  Navy.  Such  a 
process  would  be  highly  cost-effective,  gaining  leverage  from 
the  large  public  investment  already  made  by  the  Navy  in 
collecting  the  data  sets. 

A  past  example  of  scientific  benefit  from  the  declassification  of 
oceanographic  data  involved  Geosat.  Geosat  Altimetry  data 
south  of  30^  S  were  declassified,  which  resulted  in  a  sigmficant 
advance  in  our  understanding  of  the  tectonics  of  the  southern 
ocean  and  the  identification  of  previously  unknown  seamounts. 
(Results  from  a  limited  analysis  of  these  data  have  been 
published  by  scientists  having  access  to  the  classified  data.) 
Another  historical  example,  diough  remote  from  oceanography, 
involves  data  from  the  VELA  satellites,  originally  flown  to 
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detect  atmospheric  nuclear  tests.  Events  having  considerable 
astrophysical  significance  today,  ganuna  ray  bursts,  were  first 
observed  and  then  monitored  by  these  satellites  for  some  six 
years  prior  to  their  declassification  in  the  1970s.  On  a  larger 
scale,  the  entire  civilian,  space-based  remote  sensing  program 
owes  its  origins  to  earlier  successes  and  technology  of  the 
classified  satellite  reconnaissance  programs.  We  can  expect 
that  interesting,  but  unexplained  features  in  the  Arabian  Sea, 
observable  in  synthetic  aperture  radar  (SAR)  imagery  at  the 
NASA  Space  Radar  Laboratory,  should  be  interpretable  using 
much  needed  ground  truth  data,  such  as  the  temperature  and 
salinity  data  in  NAVOCEANO's  ocean  thermal  and  salinity- 
profile  databases. 

The  major  specific  findings  of  this  study,  supporting  the 
top-level  recommendations,  are  divided  into  two  categories: 
(1)  identification  and  prioritization  of  the  scientific  utility 
of  the  various  data  sets  examined,  and  (2)  developing  ways  to 
improve  the  conununity's  capabilities  in  ocean  science. 


prioritized  in  two  categories  of  "potential  importance.'"  The 
prioritization  reflects  our  view  of  the  uniqueness  of  the  data,  and 
it  represents  the  potential  for  important  results  to  be 
obtained,  if  public  release  were  possible. 

Findings 

The  major  findings  related  to  various  specific  data  sets  that  were 
examined  are  summarized  in  Table  2. 

No  attempt  was  made  to  evaluate  the  national  security 
implications  of  possible  public  release  of  these  data  sets,  this 
being  a  topic  outside  our  purview.  That  is,  we  have  accounted 
for  neither  any  possible  impact  on  national  security  from 
potential  public  release,  nor  of  how  favorably  the  Navy  might 
view  the  release  of  any  particular  data  set.  Further,  no  cost  has 
been  attached  to  any  possible  future  effort  to  declassify,  bundle, 
or  reformat  data  or  create  automated  access  by  cleared  scientists 
in  as  much  as  we  understand  that  the  existence  of  such  costs  do 
not  constitute  legitimate  grounds  for  continued  classification. 


Through  a  series  of  briefings  and  di.scussions,  we  were  exposed 
to  a  great  many  of  the  Navy's  environmental  data  sets  and 
capabilities,  and  we  have  identified  a  subset  of  significant 
importance.  Fiulhermore,  to  support  the  Navy  declassification 
review  that  we  expect  to  follow,  the  data  sets  have  been 


We  recognize  that,  even  in  the  face  of  a  judicious  weighing  of 
national  security  risks  on  the  one  hand,  and  public  benefits  of 
declassification  on  the  other,  declassification  of  entire  data  sets 
may,  in  some  cases,  prove  to  be  imprudent.  In  such  cases,  it  may 
very  well  be  possible  to  declassify  geographic  subsets  of  the 
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data,  decimated  or  smoothed  data,  or  in  particularly  sensitive 
instances,  only  derived  products.  This  report  does  not  attempt 
to  give  guidance  bearing  directly  on  the  details  of  such  a 
compromise  position  on  declassification,  nor  do  the  priorities 
in  Table  2  account  for  this  dimension.  Therefore,  in  anticipa- 
tion of  the  Navy  eventually  facing  the  necessity  to  understand 
declassification  payoffs  vs.  national  security  nsks.  it  is  our  view 
that  a  declassification  review  of  these  environmental  data 
should  Include  MEDEA  involvement  ( in  a  scientific  advisory 
capacity)  in  order  that  the  necessary  compromises  elicit  the 
most  scientifically  useful  data. 

IMPROVING  CAPABILITIES  IN  OCEAN  SCIENCE 
Discussion 

The  Navy  has  developed  U^ly  unique  capabilities  to  synthesize 
oceanographic  products  from  diverse  and  heterogeneous  data 
and  to  display  the  results  in  useful  graphical  forms.  Beyond  the 
more  traditional  forms  of  product  generation  involving  large- 
scale  ocean  thermal,  salinity,  and  density  fields,  this  synthesis 
now  includes  the  development  of  small-scale  regional  models 
in  selected  ocean  areas  of  naval  interest  and  the  exploitation  of 
imagery,  including  classified  NTM  imagery.  This  product 
synthesis  capability,  if  it  were  opened  to  civilian  use,  could  lead 
to  an  expanded  national  benefit.  There  has  been  a  considerable 
investment  of  public  funds  in  these  capabilities,  and  scientific 
access  would  pave  the  way  for  ocean  science  to  move  more 
rapidly  into  small-scale  oceanography. 

The  intelligence  community,  with  congressional  support,  has 
established  a  program  to  collect  and  archive  classified  NTM 
imagery  data  collected  from  a  set  of  reference  sites  that  will  be 
regularly  surveyed  over  lime  periods  ranging  from  years  to 
decades.  Currently,  in  excess  of  200  sites  are  being  considered 
for  data  collection.  This  Global  Fiducial  Data  Program  is 
intended  to  archive  data  to  be  used  in  scientific  studies  of  the 
global  environment  albeit  requiring  classified  access.  Some  of 
these  measurement  sites  are  ocean  areas,  and  one  important 
result  of  the  present  MEDEA  study  has  been  the  realization  that 
scientific  exploitation  of  the  ocean  fiducial  data  must  involve 
analytical  use  of  correlative  NAVOCEANO  oceanographic 
data.  These  "correlative  data"  are  in  many  cases  the  same  as 
that  discussed  in  Chapter  II:  ocean  thermal  and  salinity  structure, 
high-resolution  bathymetry,  etc.     The  proper  scienufic 


exploitation  of  the  ocean  fiducial  data  is,  therefore,  closely  tied 
to  ensuring  access  to  NAVOCEANO's  databases  and 
modeling  capabilities. 

On  the  other  hand,  there  are  few  regular  and  effective 
mechanisms  for  the  fiow  of  information  to  naval  oceano- 
graphy from  academia.  It  is  our  conviction  that  such  a  flow  of 
information,  involving  modest  collections  of  irregularly 
sampled  "shoe  box"  measurements  or  recent  progress  in 
dynamic  ocean  models,  for  example,  would  be  of  considerable 
benefit  to  naval  oceanography  and  to  the  accuracy  of  fleet 
products. 

Several  institutional  mechanisms  would  have  to  be  put  in  place 
to  facilitate  access  to  classified  information  if  scientists  are  to 
realize  full  benefits  from  the  environmental  data  holdings  of  the 
national  security  community.  Theestablishmentofaconsistent, 
long-term  environmental  record  of  digital  data  could  benefit 
from  the  participation  of  cleared  members  of  the  environmental 
science  community  in  the  collection  requirements  process  (as 
is  being  done  in  the  Global  Fiducial  Data  Program). 

The  environmental  science  community  might  also  participate 
in  the  development  of  policies  to  ensure  that  archival  products 
are  of  maximum  utility  to  the  environmental  community.  For 
example,  these  policies  could  provide  guidance  to  the  national 
security  community  as  to  which  data  to  index,  abstract, 
declassify,  and  transmit  outside  their  facilities.  Environmental 
scientists  could  also  benefit  from  the  establishment  of  processes 
and  systems  for  requesting  data  and  transforming  material  for 
distribution.  Finally,  the  development  of  new  concepts  of 
operations  that  support  the  complementary  use  of  classified  and 
civilian  sensors  could  also  be  investigated  These  could  include 
processes  to  implement  sensor  cross-cueing,  develop  composite 
products,  and  perform  calibration  and  validation. 

FINDINGS 

The  bndge  building  path  with  institutional  mechanisms  and 

links  between  the  civilian  and  Navy  oceanography  communities 
has  many  of  the  same  features  as  the  road  toward  scientific 
exploitation  of  oceanographic  data  that  must  yet  remain 
classified.  The  findings  covering  these  dimensions  are 
suinmanzed  in  Table  3. 
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I.  Introduction 


A.  PURPOSE 

The  primary  purpose  of  this  study  is  to  examine  the  various 
classified  ocean  databases,  products,  and  capabilities  of  the 
Naval  Meteorology  and  Oceanography  Command 
(NAVMETOCCOM)  and  detennine  their  potential  value  for 
supporting  civilian  scientific  research,  should  public  release 
become  possible.  In  addition,  the  study  is  to  determine  if  there 
might  be  important  opportunities  for  synergistic  collaboration 
between  civilian  and  military  ocean  technical  communities  that 
could  benefit  both  parties  and  so  derive  increased  benefit  from 
the  considerable  public  investment  in  global  ocean  data 
collection  and  modeling  previously  undertaken  by  the  Navy. 

Although  aside  from  the  primary  purposes  of  this  study,  we 
understand  that  the  Navy  also  values  this  review  because  it 
is  a  comprehensive  and  independent  look  by  outside  experts  at 
the  quality  of  Navy  data  and  data  management  processes.  On 
(his  point,  feedback  was  provided  informally  to  the  Navy 
during  the  actual  process  of  the  study.  We  were  greatly 
impressed  not  only  with  the  unique  environmental  data  sets,  but 
also  with  the  general  scientific  quality  of  the  work  and  the 
processes  of  data  collection,  analysis,  and  product  generation. 

B.  GENESIS  OF  THIS  MEDEA  STUDY 

There  is  a  growing  public  understanding  that  changes 
in  our  physical  and  biological  environment,  both  natural 
and  manmade,  can  significantly  affect  the  national  economy, 
our  quality  of  life,  and  even  the  national  security.  For  example, 
natural  disasters  (e.g..  earthquakes,  volcanoes,  floods, 
hurricanes,  forest  fires)  can  cause  substantial  loss  of  life  and 
material  damage,  changes  in  climate  can  adversely  affect  our 
environment  (f..^.,  global  sea  levels,  agricultural  fertility,  habitats 
of  endangered  species ),  and  environmental  pollution  can  degrade 
the  vitality  of  populations  and  ecosystems.  To  deal  with  the 
potential  effects  of  environmental  change,  an  enhanced  scientific 
understanding  of  the  key  processes  is  needed.  A  major  limitation 
to  achieving  this  understanding  is  the  lack  of  historical 
environmental  observations  and  continuing  scientific 
measurements  of  these  processes. 


In  recognition  of  this  need,  in  1992  Vice  President  (then 
Senator)  Gore  called  for  the  creation  of  a  panel  of  cleared 
environmental  scientists  who  would  evaluate  assets  of  the 
national  security  community  that  could  help  resolve  critical 
environmental  issues.  In  response  to  this  request,  an 
Environmental  Task  Force  (ETF)  was  established  by  the  Director 
of  Central  Intelligence  (DCI)  and  endorsed  and  participated  in 
by  the  Departments  of  Defense  (DoD),  Commerce  (DoC), 
Interior  (Dol),  and  Energy  (DoE),  and,  as  well  as  by  NASA  and 
other  agencies. 

Throughout  1993,  the  ETF  scientists  were  bnefed  on  a  wide 
variety  of  classified  systems  and  data/archives  from  many 
segments  of  the  national  security  community  to  allow  tliem  to 
assess  the  applicability  of  these  resources  to  environmental 
concerns.  A  final  report  was  then  issued  by  the  ETF  containing 
an  assessment  of  the  potential  scientific  utility  of  the  classified 
data  should  public  release  later  become  possible.  The  ETF  also 
dealt  with  other  opportunities  for  gaining  scientific  payoff  from 
these  data  and  capabilities,  including  introducing  the  conceptof 
derived  products  (primarily  graphical)  in  order  to  facilitate 
declassification  of  limited  specific  information. 

The  concept  of  global  "fiducial"  data  collection  by  classified 
sensor  systems  in  support  of  scientific  research  and 
environmental  monitoring  was  also  introduced.  The  regular 
sampling  of  a  preselected  set  of  fiducial  sites  was  seen  as 
complementary  to  data  collected  by  civilian  sensors  and  would 
be  a  means  of  beginning  a  long-term  archive  of  well-sampled 
data  on  a  set  of  scientifically  significant  sites. 

While  the  primary  emphasis  in  the  1993  ETF  final  report 
invol  ved  space  based  systems,  including  the  National  Technical 
Means,  some  attention  was  also  paid  to  a  variety  of  Navy 
systems  and  databases.  This  included  brief  mention  of  databases 
such  as  high  resolution  bathymetry,  submarine  acoustic  ice  keel 
drafts,  and  Geosat  altimetry,  as  well  as  a  substantial  look  at  the 
Integrated  Undersea  Surveillance  Systems.  However, 
constraints  of  time  and  U.S.  government  priority  prevented  an 
in-depth  examination  of  the  full  range  of  oceanographic.  polar 
ice.  and  meteorological  databases  and  capabilities  which  were 
developed  by  the  Navy  during  the  decades  of  the  cold  war. 
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Subsequently,  with  the  formation  of  MEDEA,  there  was  an 
opportunity  to  rectify  these  omissions.  MEDEA  consists  of  a 
group  of  about  50  cleared  scientists  drawn  from  academia, 
government,  and  industry.  Disciplines  and  interest  areas  include 
geology  and  geophysics,  oceanography,  atmospheric  science, 
polar  science,  urban  growth,  land  cover  and  land  use, 
climatology,  remote  sensing,  environmental  remediation,  and 
others.  There  is  considerable  commonalty  in  MEDEA  with  the 
original  ETF  group.  MEDEA  has  been  sponsored  by  the 
intelligence  community,  with  direct  involvement  of  the  DoD 
and  the  Services,  in  particular  from  the  offices  of  the 
Oceanographer  of  the  Navy  and  the  Commander,  Naval 
Meteorology  and  Oceanography  Command. 

The  present  study  was  undertaken  by  a  subset  of  MEDEA 
as  a  logical  extension  of  the  original  ETF  work  as  a  result 
of  a  request  from  Naval  Meteorology  and  Oceanography 
Command.  The  intention  was  to  determine  the  unique  potential 
of  these  data  for  important  use  in  scientific  research,  if  public 
release  of  currently  classified  oceanographic  data  were  to 
become  possible.  This  study  was  also  to  identify  opportunities 
for  collaboration  between  the  civilian  ocean  science  and  Navy 
communities  that  could  benefit  both  In  addition,  it  was  to 
suggest  ways  to  obtain  increased  national  payoff  from  previous 
public  investments  in  global  data  collection  and  modeling 
made  by  the  Navy.  Finally,  the  intention  was  to  determine  if 
there  were  means  whereby  limited  scientific  benefit  of  currently 
classified  data  could  be  obtained  in  cases  where  public  release 
would  not  yet  be  possible  (i.e..  "derived  products"). 

C.  NAVAL  OCEANOGRAPHY  BACKGROUND 

In  the  1800s  during  the  early  days  of  the  Depot  of  Charts 
and  Instruments,  the  objective  of  Navy  oceanography  was 
to  provide  mariners  with  the  information  they  needed  for  safe 
and  efficient  navigation.  Since  Worid  War  I,  when  submarines 
came  into  widespread  use,  submarine  and  anti-submarine 
warfare  have  evolved  rapidly  to  the  point  where  today  both 
have  a  deep  and  fundamental  reliance  on  exploiting  detailed 
physical  properties  of  the  oceans.  Once  sonar  became  a 
valuable  tool  to  submarines  and  surface  ships  during  Worid 
War  II,  its  effective  use  required  another  dimension  in 
understanding  of  the  ocean  environment,  namely  acoustical 
oceanography.     With  the  advent  of  naval  aviation,  and 


particularly  with  aircraft  operating  off  carriers,  came  the  need 
for  accurate  maritime  weather  forecasts. 

Evolution  of  computer  and  communications  technology,  along 
with  advances  in  meteorology  and  global  weather 
data  collection,  allowed  forecasts  of  many  environmental 
parameters  to  be  made  and  transmitted  to  naval  units  operating 
around  the  world.  Thus,  ship  and  aircraft  routing  became 
important  parts  of  the  NAVMETOCCOM's  mission.  More 
recently,  the  long  ranges  of  modem  weapons  systems,  and  their 
precise  targeting  requirements,  forced  global  predictions  of 
synoptic  physical  parameters  from  the  depths  of  the  ocean  to 
outer  levels  of  the  atmosphere  w  ith  standards  of  precision  not 
previously  achievable. 

The  NAVMETOCCOM  consists  of  the  Naval  Oceanographic 
Office  (NAVOCEANO),  Fleet  Numerical  Meteorology  and 
Oceanography  Center  (FNMOC),  several  Fleet  Support  Centers, 
and  numerous  operational  units  around  the  world.  This 
worldwide  organization  comprises  about  3,000officer,  enlisted, 
and  civilian  personnel;  two  master  computer  centers;  a  number 
of  theater  centers;  and  the  ships  and  aircraft  used  in  conducting 
oceanographic  surveys. 


The  scale  of  the  Naiy's  ocean  sun'ey  and  measuremeni  program  has 
been  immense.  This  has  been  the  result  of  its  global  mis.iion  respons- 
ibilities, and  of  the  priorities  given  during  the  cold  war  to  anti-submarine 
warfare  f,45W/  and  other  Navy  operations  requiring  technical  support 
in  oceanography  and  meteorology. 

Dedicated  ship  services  have  collected  data  in  all  seasons  across  the 
breadth  of  the  Northern  Hemisphere  as  well  as  over  much  of  the  Southern 
Hemisphere. 
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The  Command's  mission  is  to  collect,  inteipret.  and  apply 
global  environmental  data  and  information  for  safety  at  sea  and 
for  weapons  system  design,  development,  and  deployment. 
The  Command  also  provides  meteorological,  oceanographic, 
mapping,  charting,  and  geodetic  surveys  to  U.S.  military  forces 
for  use  in  operational  missions.  Three  major  components  of  this 
command  are  described  below: 

•  The  Naval  Oceanographic  Office  (NAVOCEANO)  is  the 
largest  single  element  of  the  Command  and  one  of  its  two 
master  computer  centers.  Its  primary  mission  is  to  conduct 
oceanographic  multidisciplinary  surveys  of  the  world's 
oceans.  Theofficecollectshydrographic, magnetic,  geodetic, 
chemical,  navigation,  and  acoustic  data  using  ships,  aircraft, 
spacecraft,  and  other  platforms. 


was  established  in  1962  and  was  moved  in  1978  from 
Washington,  D.C.,  to  the  Stennis  Space  Center  (SSC),  Bay  St. 
Louis,  Mississippi,  where  it  resides  today.  Also  located  at  the 
SSC  is  its  parent  command,  the  Naval  Meteorology  and 
Oceanography  Command  that  reports  to  the  Chief  of  Naval 
Operations  (CNO)  through  the  Oceanographer  of  the  Navy. 

The  Naval  Aerological  Service  became  the  Naval  Weather 
Service  in  1956.  The  Weather  Bureau-Navy-Air  Force  Joint 
Meteorological  Weather  Prediction  Unit  was  activated  in 
Suitland,  Maryland,  in  1954,  and  moved  to  Monterey,  Cali- 
fornia, in  1959  to  become  the  Naval  Weather  Service's  Reet 
Numerical  Weather  Central.  Its  first  operational  computer 
center  appeared  in  1961.  It  was  renamed  the  Fleet  Numerical 
Meteorology  and  Oceanography  Center  in  1993. 


•  The  Fleet  Numerical  Meteorology  and  Oceanography  Center 
(FNMOC)  operates  the  other  master  computer  center,  and 
produces  global-  and  regional-scale  meteorological  and 
oceanographic  prediction  products,  including  analyses, 
forecasts,  and  tactical  decision  aids.  These  products  are 
tailored  for  direct  operational  use  by  Navy  ships  and  aircraft. 

•  The  National  Ice  Center  (NIC),  formerly  known  as  the  Navy/ 
NOAA  Joint  Ice  Center,  has  as  its  primarj'  mission  providing 
realtime,  quantitative  operational  support  concerning  the 
state  of  the  polar  oceans,  and  in  particular  the  ice  covers  of 
these  oceans,  to  agencies  of  the  U.S.  government.  Although 
NIC  does  not  provide  direct  project  support  to  non- 
governmental organizations,  its  pnmary  unclassified  product, 
the  bi-weekly  global  sea  ice  assessments,  are  available  to  the 
general  public  via  computer  files. 

The  components  of  this  Command  have  been  an  integral  part  of 
die  development  of  meteorology,  oceanography,  and  other 
areas  of  geophysics  in  the  U.S.  The  earliest  part  of  the 
organization  was  the  Depot  of  Charts  and  Instmments  (I860), 
under  Matthew  Fontaine  Maury,  and  the  Naval  Aerological 
Service  (1919).  From  1842  to  1861  the  organization  was 
referred  to  as  the  Observatory  and  Naval  Hydrographic  Office. 
Later  this  office  became  the  Naval  Hydrographic  Office  ( 1 866), 
responsible  for  charting  and  maintaining  other  vital  data  in 
support  of  the  Navy's  needs.  The  Naval  Oceanographic  Office 


Today,  the  end  result  of  an  immense  revolution  in  technology 
combined  with  a  growing  understanding  of  ocean  physics  over 
the  past  100  years  and  changes  in  the  conduct  of  naval  warfare 
is  a  Navy  increasingly  reliant  on  exploiting  detailed  physical 
and  acoustical  data  on  the  Earth's  oceans.  Consequently,  the 
Navy  has  invested  in  global  ocean  surveys  and  other  large-scale 
measurement  programs,  as  well  as  supported  the  development 
of  sophisticated  predictive  models. 

Dunng  the  decades  of  the  cold  war,  and  continuing  today  with 
a  shift  in  emphasis  toward  shallower,  littoral  waters  rather  than 
deep  wate.-'s,  the  U.S.  Navy  has  come  to  be  the  world's  leader 
in  global  ocean  data  and  ocean-modeling  capabilities.  A 
particularly  telling  and  relevant  indicator  of  the  magnitude  of 
the  U.S.  Navy's  investment  in  oceanography  are  the  at-sea 
surveys  encompassing  magnetic,  gravity,  and  bathymetric 
surveys  involving  about  100  ship-years  of  data  collection. 

There  is  no  other  dimension  of  the  global  environment  where  so 
much  of  our  current  scientific  understanding  and  so  many  of  the 
fundamental  measurements  have  been  rooted  in  the  efforts  of 
one  of  the  military  services.  It  is  clear  from  the  outset  then  that 
the  resources  the  Navy  has  devoted  to  oceanography  and  ocean 
surveys  have  resulted  in  unique,  extensive,  and  detailed  databases 
with  no  civilian  counterpart.  As  we  will  see  in  this  report,  this 
expectation  was  indeed  realized  over  the  course  of  the  study. 
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i'  of  the  measurement  capabilities  necessary  to  collect  the  types  of 


This  illustration  of  NAVOCEANO's  newest  class  ofsuney  ships.  TAGS-60.  shows 

environmental  data  examined  in  this  study. 

The  depths  of  the  open  ocean  can  only  be  sampled  satisfactorily  with  specialized  survey  ships  capable  of  operating  in  heavy  seas.  Imndling  heavy 

equipment,  and  providing  extensive  equipment  spaces  and  berthing  facilities  for  large  scientific  parties. 

NAVOCEANO  has  routinely  employed  dedicated  ships  having  a  variety  of  deep  ocean  survey  equipment.  Historically  there  have  been  four  to  six  of  these 

ships  operating  at  any  given  time. 


D.  IMPUCATIONS  OF  SECURITY  CLASSIFICATION 

The  integrity  and  success  of  scientific  research  depend  in  a 
fundamental  way  on  the  scientific  method  and  the  peer  review 
process.  Central  to  these  is  the  concept  of  independent 
reproducibility  and  testability  of  research  results,  and  these 
in  turn  require  open  public  access  to  all  relevant  data  and 
information.  While  it  is  true  that  various  scientific  journals  do 
differ  somewhat  in  their  degree  of  tolerance  for  omitted 
experimental  details,  there  is  no  doubt  that  the  standard 
in  scientific  research  is  that  the  bulk  of  material  must  be 
open  to  all. 


Fundamental  scientific  insights  on  controversial  subjects,  global 
warming  for  example,  will  itself  generate  significant  pressure 
for  declassification.  The  scientific  community  at  large  is  self- 
regulating  through  the  use  of  refereed  publications  where 
experimental  details  and  results  need  to  be  candidly  displayed 
under  the  light  of  a  constant  peer  review  process.  On  topics 
subject  to  controversy,  less  than  open  discussion  is,  at  best, 
counter  productive  and  usually  leads  to  acrimony  and  confusion. 

We  understand  that,  despite  the  ending  of  the  cold  war  and  the 
emergence  of  a  new  national  security  paradigm,  there  remain 
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legitimate  needs  for  the  continued  protection  through 
classification  of  some  dimensions  of  the  Navy's  ocean  data.  It 
is  essential,  though,  to  be  clear  about  what  can  and  cannot  be 
done,  if  classification  policies  remain  as  they  stand  today.  A 
significant  change  in  these  policies  may  be  necessary,  if  we  are 
to  realize  the  full  scientific  promise  across  the  breadth  of  ocean 
and  Earth  sciences  foreseen  here. 

The  Executive  Order  (EO)  that  provides  the  basic  legal  authority 
for  national  security  classification  within  the  defense  and 
intelligence  communities  has  recently  been  extensively 
revised,  EO  12958  of  April  20,  1995,  signed  by  President 
Clinton,  with  an  effective  date  of  October  14, 1 995,  replaces  its 
predecessor  EO  12356.  While  this  new  EO  introduces 
significant  changes  to  many  dimensions  of  security 
classification,  for  present  purposes  it  is  only  important  to  note 
that  it  specirically  authorizes  balancing  of  the  public 
interest  in  order  to  declassify  information  that  continues 
to  meet  the  standards  for  classification.  It  also  requires 
both  automatic  declassification  of  information  at  least  25 
years  old  (with  very  narrowly  drawn  exceptions)  and  calls  for 
both  systematic  and  mandatory  declassification  reviews. 

In  addition,  we  understand  that  there  are  efforts  in  progress 
within  the  DoD  concerning  the  declassification  of  several  of  the 
databases  examined  by  this  study.  At  a  minimum  these  include 

•  An  effort  directed  by  the  Office  of  the  Secretary  of  Defense 
(OSD)  to  develop  a  response  to  the  recommendations  made 
by  the  ETF,  including  naval  dimensions  that  partially  overlap 
with  those  of  the  present  study; 

•  Discussions  within  the  OSD  and  the  Services  concerning  the 
advisabilityofdeclassifyingGeosat  data  and  making  available 
precision  Global  Positioning  System  (GPS)  capabilities; 

•  Efforts  by  the  Oceanographer  of  the  Navy  and  the  Commander, 
Naval  Meteorology  and  Oceanography  Command  to 
declassify  selected  data  such  as  high-resolution  bathymetry ; 

•  New  classification  guidelines  have  been  developed  that  may 
result  in  declassifying  some  of  the  submarine  acoustic  ice 
keel  draft  data  to  be  discussed  here. 


The  dynamics  created  by  these  and  other  efforts,  with  the  heated 
debates  that  the  subject  of  declassification  always  provokes, 
cannot  be  resolved,  or  even  understood,  in  a  brief  study  such  as 
this  (nor  would  it  be  appropriate  for  us  to  attempt  this).  We 
have,  therefore,  chosen  to  set  aside  consideration  of  all  of  these 
declassification  efforts  and  concentrate  solely  on  identifying 
the  scientific  utility  of  the  various  data.  If  one  or  more 
declassification  efforts  result  in  releaseof  any  data  set  identified 
here,  it  will  constitute  a  significant  step  forward  toward  achieving 
greater  public  benefit  from  previous  investments  and  is  to  be 
applauded. 

We  believe  that,  with  one  exception,  there  has  been  no  post- 
cold-war  security  classification  assessment  that  has  taken  into 
account  scientific  payoff  to  the  national  interest  on  the  benefit 
side  of  the  ledger.  The  single  exception  was  the  Classification 
Review  Task  Force  (CRTF)  undertaken  by  the  DCI  and  the 
Secretary  of  Defense  (SECDEF)  regarding  the  classification 
policies  of  space-based  imagery.  The  CRTF  built  its  case  for 
the  "benefits  of  declassification'  on  the  ETF  study.  It  is  our 
hope  that  an  assessment  comparable  to  the  CRTF  will  be 
undertaken  of  the  Navy's  oceanography  databases,  and  that  the 
open-mindedness  of  that  assessment  will  be  taken  as  a  model. 

We  recognize  that,  even  with  a  careful  weighing  of  national 
security  risks  on  the  one  hand,  and  public  benefits  on  the  other, 
it  may  prove  to  be  imprudent  to  declassify  some  entire  data  sets. 
In  seeking  a  compromise  position  then,  it  may  be  possible  to 
declassify  geographic  subsets  of  the  data  (e.g. ,  a  set  of  predefined 
■■postage  stamps")  or  some  form  of  decimated  or  smoothed 
data.  A  second  alternative  to  a  perhaps  unattainable,  complete 
declassification  of  entire  data  sets  would  be  the  development  of 
a  set  of  specific  derived  products.  If  this  were  done  with  a  view 
toward  both  national  security  .sensitivities  and  scientific  utility, 
these  derived  products  might  balance  the  ■■equities"  in  a  mutually 
agreeable  fashion. 

It  is  our  view  that  the  Navy  should  conduct  a  systematic  high- 
level  declassification  review  of  the  environmental  data 
considered  here.  Moreover,  this  review  should  include  some 
form  of  MEDEA  involvement.  We  assume  that  this  would  be 
in  an  advisory  capacity  only  and  would  serve  to  ensure  that  the 
necessary  compromises  proceed  so  as  to  elicit  the  most 
scientifically  useful  data. 
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If.  despite  searching  for  compromises  to  release  subsets  of  data, 
or  derived  products,  the  most  important  data  still  cannot  be 
released  in  unclassified  form,  some  value  can  yet  be  obtained 
by  providing  classified  data  access  by  cleared  environmental 
scientists.  Using  these  data,  scientists  might  then  conduct 
experiments  from  which  scientific  insights  and  products  could 
be  derived  that  shed  light  on  key  environmental  processes. 
These  experiments  would  serve  to  clarify  the  unique 
complementary  contribution  that  these  data  can  make  to 
environmental  science  and  to  influence  the  strategy  governing 
the  creation  of  long-term  archives. 

E.  STUDY  APPROACH 

1.  OCEM  SCIENCE  CONTEXT 

For  most  missions,  civilian  and  military  alike,  and  for  scientific 
research,  the  processes  of  obserxing  and  monitoring  the  oceans 
involve  phenomena  having  two  characteristics  in  common. 
First,  the  interesting  problems  usually  involve  large  areas  and 
long  time  periods.  Second,  many  of  the  phenomena  are  often 
difficult  to  obaene  with  remote  sensing  (i.e..  space-based) 
systems  because  of  the  lack  of  consistently  detectable  or 
"good"  observables.  Many  of  the  ocean  phenomena  of  interest 
to  both  civilian  and  military  communities  can  be  measured  only 
with  in  situ  sensors  because  of  the  need  to  sample  at  depth  (e.g.. 
salinity  and  temperature  profiles,  waterquahty,  and  bathymetry). 
As  a  result  of  the  necessary  reliance  on  in  situ  sensors  for  many 
types  of  measurement,  and  the  necessary  use  of  ships  and 
aircraft,  the  costs  of  ocean  measurement  programs,  to  say 
nothing  of  a  well-sampled  global  data  set,  are  very  high  and 
increasingly  unaffordable. 

As  a  result,  oceanography  and  marine  geophysics  have  always 
been  data-starved  disciphnes,  primarily  becau.se  of  the  difficulty 
and  expense  of  making  measurements  having  the  requisite 
spatial  granularity  o-.  er  large  ocean  areas  and  for  long  penods 
of  time  sufficient  to  detect  the  important  trends.  This  difficulty 
in  dealing  with  the  spatial  and  temporal  granularity  of  the  ocean 
processes  over  vast  areas  is  one  which  frequently  leads  to  either 
undersampling  or  to  the  high  costs  of  well-sarnpled,  ship-based 
.71  situ  measurement  programs.  To  the  extent  that  the  relevant 
phenomena  have  observables  amenable  to  space-based 
observation  this  situation  has  improved  dramatically  in  the  last 
two  decades.  A  few  of  many  examples  include  large-scale  sea 


surface  temperature,  the  long  wavelength  gravity  field,  and 
soon  with  the  ScaWiFS  satellite,  ocean  color  (related  to 
phytoplankton  densities). 

We  can  expect  that  much  of  unique  value  that  might  be  offered 
to  scientific  research  by  naval  ocean  databases  and  modeUng 
capabilities  would  anse  because  of  their  unusual  spatial  and/or 
temporal  coverage  relative  to  their  civilian  counterparts.  We 
will  see  that  while  the  classified  world  has  generally  the  same 
sensor  types  as  the  civilian,  the  global  coverage  and,  in  some 
cases,  the  extended  time  periods  over  which  classified  data 
were  taken  are  their  unique  distinguishing  characteristics. 

2.  PROCESS 

This  study  was  conducted  by  a  group  of  1 1  MEDEA  scientists 
drawn  from  the  oceans,  polar  ice,  geology  and  geophysics,  and 
atmospheric  sciences,  augmented  by  technical  and 
administrative  support.  Several  organizations  in  the  U.S. 
government,  including  the  Central  Intelligence  Agency  and  the 
Navy,  have  had  the  opportunity  to  re\  lew  drafts  of  this  report 
and  comment  on  its  technical  accuracy,  thereby  improving  the 
result.  However,  the  judgments  reflected  in  the  findings 
reported  here  solely  reflect  the  thinking  and  opinions  of  the 
MEDEA  Navy  Study  Group. 

The  NAVMETOCCOM  was  instrumental  in  ensiinng  that  the 
study  group  was  briefed  on  all  of  the  relevant  databases, 
capabilities,  and  products  and.  moreover,  provided  most  of 
the  figures  included  in  this  repon.  These  bnefings  offered  a 
comprehensive  and  insightful  window  into  naval  meteorology 
and  oceanography.  The  study  group  benefited  from  detailed 
meetings  with  NAVOCEANO,  NIC,  and  FNMOC.  along  with 
extensive  discussions  with  the  Commander  and  staff  of  Naval 
Meteorology  and  Oceanography  Comm:md,  and  interactions 
with  the  Office  of  the  Oceanographer  of  the  Navy.  In  addition, 
we  met  with  representatives  of  the  Arctic  Submarine  Laboratory 
and  the  Applied  Physics  Laboratory  of  the  University  of 
Washington.  The  full  and  enthusiastic  cooperation  of  all  of 
these  organizations  with  this  study  was  instrumental  to  any 
success  that  may  be  achieved  and  is  greatly  appreciated. 
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n.  Scientific  Utility  of  Specific  Data 


A.  OVERVIEW 

This  chapter  will  assess  the  potential  for  important  scientific 
applications  of  the  various  data  sets  and  capabilities  described 
to  us  by  the  Navy.  The  Navy  data  that  were  reviewed, 
evaluated,  and  found  to  be  the  most  promising  are  identified  in 
Table  4.  We  have  tried  to  include  enough  detail  relating  to 
each  data  set  to  support  a  reasoned  judgment  of  individual 
importance.  Each  section  in  this  chapter  deals  with  one  data  set: 
(1)  data  description,  (2)  accessibility,  (3)  potential  scientific 
utility,  and  (4)  a  summary  of  our  findings. 

Additional  consideration  was  given  to 

•  Generalized  Digital  Environmental  Model  (GDEM) 

•  Arctic  Buoy  Program 

•  Comprehensive  Environmental  Assessment  System  (CEAS  / 

•  Acoustic  Data  and  Acoustic  Sensing  of  the  Ocean 


and  a  discussion  of  each  of  these  i 
this  chapter. 


contained  in  Section  E  of 


Release  of  the  Navy's  classified  oceanographie  data  will  lead  to 
the  greatest  scientific  rewards  if  environmental  scientists  have 
access  to  the  original  measurements,  as  with  normal  scientific 
practice.  However,  the  Navy  has  processed  many  of  these  data 
into  many  different  and  very  useful  forms,  for  example. 


compiling  measured  data  into  ocean  provinces  or  gridded 
databases  that  essentially  constitute  a  form  of  derived  product. 
Many  of  these  "derived  forms"  have  potential  scientific  utility 
nearly  as  great  as  the  original  data.  A  good  example  of  such  an 
instance  concerns  bathymetry.  While  it  is  possible  to  envision 
scientific  applications  that  would  require  the  original  data  (i.e., 
acoustic  soundings  from  a  multibeam  profiler)  we  conclude 
that  a  derived  product  (the  gridded  databases  developed  by  the 
Navy)  will  generally  be  the  most  widely  useful  form  and  will  be 
the  basis  of  our  finding  related  to  bathymetry. 

Since  all  10  of  the  data  sets  listed  in  Table  4  are  restricted  or 
classified,  in  whole  or  in  part,  we  have  described  our 
understanding  of  the  "accessibility"  of  each  data  type.  Use  of 
some  data  is  restricted  because  of  the  process  used  to  obtain  it, 
or  because  the  data  were  obtained  through  an  international 
bilateral  agreement.  Other  data  are  classified  because  they  have 
more  direct  ties  to  U.S.  Navy  forces  and  their  operations. 

This  MEDEA  study  has  only  tried  to  clarify  how  these  Navy 
data  sets,  obtained  for  use  by  operational  forces,  might  be  used 
for  scientific  purposes.  We  did  not  try  to  make  any  judgment 
about  data  classification,  and  we  are  not  attempting  to  assess  the 
utility  of  these  data  for  their  originally  intended  purposes — 
support  of  Navy  operations. 


Table  4.  Categorization  of  Data  Sets  Examined 


GEOI.dfiY  AND 

OCEAN  VOLUME  AND 

GEOPHYSICS 

SKAICK 

BOUNDARY  PROPERTIES 

Marine  Gravity 

Historical  Ice  Morphology 

Realtime  Salinity  and 
Temperature  Fields  (GOODS) 

Geoniagnetics 

Ice  Keel  Depth  Acoustic  Data 

Archival  Salinity  and  Temperature 
Fields  (MOODS) 

Geosal  .-Mtimetry 

Ocean  Optics  and  Bioluminescence 

Seafloor  Sediment  Properties 

Marine  Bathymetry 
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B.  GEOLOGY  AND  GEOPHYSICS 

1.  MARINE  GRAVriY 

a.  Data  Description 

Gravity  is  the  force  that  attracts  bodies  to  Earth.'  In  fact  the 
acceleration  of  gravity  over  the  surface  of  the  Earth  is  not  a 
constant  from  location  to  location.  Rotation  flattens  the  Earth's 
shape  near  the  poles  to  approximately  that  of  an  oblate  spheroid, 
thus  reducing  surface  gravity  at  the  equator.  Over  the  past  30 
years,  as  the  need  for  precision  in  the  positioning  and  navigation 
of  space  vehicles  and  other  platforms  increased,  it  became 
increasingly  important  to  account  for  the  slightest  gravity 
variations.  Thus,  not  only  the  general  overall  shape  of  the  Earth 
(oblate  spheroid)  was  needed  to  drive  the  gravity  field,  but  ever 
smaller  topographic  features  and  geographic  structures  (which 
can  cause  gravity  changes  sufficient  to  affect  critical 
instrumentation)  had  to  be  mapped. 

The  Earth' s  shape  has  been  measured  with  increasing  accuracy 
ever  since  the  development  of  earth-orbiting  artificial 
satellites.  In  the  1980s  the  Navy  measured  the  equipotential 
surface  of  the  oceans,  the  geoid.  very  accurately  using  a  satellite 
altimeter  aboard  Geosat  (Section  II. B. 3).  The  geoid  differs 
significantly  from  the  reference  ellipsoid.  Not  surprisingly,  it 
is  possible  to  derive  the  gravity  field  from  the  geoid:  in 
particular,  the  product  of  the  gravity  field  and  the  geoid  anomaly 
in  meters  (i.e..  the  difference  between  the  geoid  and  the  reference 
ellipsoid)  is  equal  to  the  anomaly  in  the  gravitational  potential. 
The  Navy's  accurate  measurement  of  the  geoid  thus  allows  a 
global  inference  of  the  associated  gravity  field. 

In  dedicated  Navy  surveys,  gravity  measurements  were  made  at 
sea  with  oceanographic  ships  tracing  closely  spaced  tracks 
sufficient  to  provide  scientific  quality  measurements.  Lacoste 
andRomberg  Air- SeaMeters  were  used  from  1966  to  1983. and 
in  1969  Bell  Aerospace  BGM-3  and  BGM-5  gravimeters  were 
inu-oduced.  In  addition  tocollecting  the  data,  scientists  measured 
gravity  variations  and  conducted  vertical  deflection  studies  (the 
difference  between  the  vertical,  as  indicated  by  the  plumb  line 
of  the  instrument,  and  the  theoretical  perpendicular  to  the 
Earth)  to  obtain  true  positions.  This  concept  is  illustrated  in 


Figure  5 .  They  also  computed  gravity  anomalies  (the  difference 
between  observed  and  theoretical  values)  that  can  help  geologists 
locate  mineral  and  oil  deposits  and  can  be  applied  to  geophysical 
studies  of  the  Earth. 

Figures.  Graviti'  Variations  and  Vertical 
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knowledge  of  the  g^oid. 

Depicted  schematically  here  are  the  reference  ellipsoid  and  the  perturbed 

shape  of  the  geoid  due  to  the  masses  of  oceans  and  mountains.  As  shov.-n. 

the  different  shapes  of  these  ftv-o  surfaces  result  in  the  norinal  directions 

being  different. 

The  product  of  the  gravity  field  and  the  geoid  anomaly  in  meters  (i.e..  the 

difference  between  the  geoid  and  the  reference  ellipsoid)  is  equal  to  the 

anomaly  in  the  gravitational  potential. 


Survey  data  are  digitized  at  one  minute  (of  time)  intervals  and 
indexed  by  geographic  position.  These  digitized  data  are  called 
"point  data."  Representing  gravity  at  one  minute  (of  position) 
intervals  in  a  survey  area  is  considered  the  best  estimate  of 
gravity  at  an  indexed  point.  These  computed  data  are  called 
"point-average  gravity  anomalies."  NAVOCEANO  collects 
gravity  data  in  support  of  required  fleet  activities,  which  are 
usually  classified.  Figure  6  depicts  an  example  of  high- 
resolution  gravity  data  from  the  Gulf  of  Mexico.  -  A  study  of  the 
data  in  the  Gulf  of  Mexico  provided  an  opportunity  to  consuuct 
an  unclassified  one  minute  point-average  gridded  data  set. 
which  is  illustrative  of  the  classified  data  covering  much  of  the 
world's  oceans 

From  these  at-sea  measurements  the  point  observations  of 
gravity  were  processed  andorganizedintoarelational  database. 
This  Navy  Point  Gravity  Database  consists  of  a  table  of  marine 


'  The  gravity  field  results  in  an  acceleration  near  the  surface  of  =9.81  m/s-  so  that  a  mass  of  I  kg  weighs  one  Newton  (N).  A  gravitational  unit,  the  gal. 
was  named  in  honor  of  Galileo,  who  first  syslemalically  measured  the  acceleration  of  gravity  (gal  =  10'  m/s'). 

-  The  gravity  data  shown  in  Figure  6  as  extending  over  land  were  taken  from  an  earlier  land-based  survey  and  inlegrated  with  the  NAVOCEANO 
shipboard  measurements  to  form  a  single  field. 
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Figure  6.  Free  Air  Gravity  Contour  Data  m  the  Gulf  of  Mexico 
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This  figure  shows  a  contour  plot 
of  the  gravity  field  of  a  section  of  the 
Gulf  of  Mexico  at  a  resolution  of  one 
arc  minute. 

The  area  shown  includes  in  the  right 
a  section  of  the  thickly  sedimented 
Mississippi  fan.  and  in  the  left  center 
the  broken  area  of  the  Sigsbee 
Escarpment  (both  viewed  through 
the  "lens"  of  the  gravity  field). 

The  gridded  data  used  for  construct- 
ing this  plot  over  water  were  derived 
from  measurements  along  ship  tracks 
spaced  to  sample  the  gravity  high 
properly. 

The  entire  Gulf  of  Mexico  survey 
required  34.638  miles  of  ship  track 
and  produced  162,836  original  data 
points.  Considerable  processing  was 
necessary  to  ensure  data  uniformity 
and  to  eliminate  errors,  and  then  to 
produce  a  uniformly  sampled 
gridded  data  set. 

Gravity  data  over  the  land  area  were 
acquired  from  other  sources. 


gravity  point  observations  with  the  latitude,  longitude, 
observation  time,  free  air  anomaly,  and  gravity  value,  supported 
with  over  a  dozen  tables  containing  survey,  data  processing, 
and  statistical  information.  The  observations  table  consists  of 
over  .38  x  10'  rows  of  data  which  can  be  sorted  by  cruise  and 
date-time  group  or  geographic  coordinates. 

Information  is  retrieved  from  the  database  by  both  interactive 
and  batch  processing.  There  are  Navy  plans  to  replace  this 
database  with  a  relational  database  and  then  load  the  data  into 
the  Integrated  Database  Management  System  (Section  III.C)  as 
the  Gravity  Core  Database. 

b.  Accessibility 

The  Navy's  ship  board  gravity  data  are  normally  classified 
because  they  reveal  locations  and  dates  of  the  ship  tracks 
that  might  inadvertently  release  information  about  opera- 
tional interests. 


c.  Scientific  Utility 

In  the  presence  of  a  seamount  the  enhanced  gravitational 
attraction  of  the  seamount  will  cause  the  water  overhead  to  pile 
up  above  the  seamount,  resulting  in  an  anomaly  in  the  geoid.  A 
satellite  altimeter  can  thus  be  used  to  map  the  seafloor  from 
space  in  the  same  way  a  shipbome  gravimeter  can  be  used  to 
construct  a  map  of  the  underlying  topography  (Figure  7), 

Unfortunately,  the  actual  situation  is  not  quite  as  simple  as  the 
foregoing  would  make  it  seem.  Since  late  last  century  it  has 
been  known  that  mountains  often  have  light  "roots"  that  allow 
the  mountain  to  be  buoyed  up  in  the  fluid  mantle  in  much  the 
same  way  as  an  iceberg's  keel  supports  the  portion  of  the  body 
rising  above  water  (Archimedes'  Principle).  Viewed  from  far 
away,  the  dense  mountain  is  compensated  by  the  light  root  and 
the  overall  gravity  anomaly  is  zero.  Because  a  gravimeter  on 
the  ocean's  surface  is  relatively  close  to  the  seamount.  the 
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Figure  7.  Relationship  Between  Geoid  and  Seafloor  Topography 


With  sateliites,  the  ocean  surface 's 
relative  heights  can  be  measured. 
The  sea  surface  height  has  been 
shown  to  correlate  with 
subsurface  bottom  structure. 

This  figure  shows  two  very- 
different  data  sets  depicting 
different  views  of  a  smalt  section 
of  ocean. 

At  the  bottom  is  a  high-resolution 
shipboard  measurement  of 
bathymetry,  with  depths  in  meters, 
showing  several  prominent 
seamounts.  Above  this  is  the  geoid 
of  the  same  area,  clearly  showing 
manifestations  of  the  same 
seamounts  on  Earth's  gravity 
field.  This  effect  is  illustrated 
schematically  in  Figure  5. 


gravitaiional  attraction,  which  varies  as  the  inverse  square  of 
the  distance,  is  greater  than  the  compensating  attraction  of  the 
root,  which  lies  deeper  in  the  mantle,  and  a  positive  anomaly 
will  be  recorded. 


seafloor  bathymetry.  In  addition,  the  spatial  relationships 
between  topography  and  gravity  near  a  volcanic  ridge  crest, 
where  the  lithosphere  is  very  ihin,  are  quite  different  than  the 
corresponding  relationship  on  more  mature,  thickerlithosphere. 


This  problem  is  further  complicated  by  the  strength  of  the 
lithosphere  that  overlies  a  more  fluid  mantle.  When  a  small 
seamount  is  constructed  by  volcanism  atop  the  lithosphere,  the 
seamount  is  supported  largely  by  the  strength  of  the  rigid 
lithosphere,  and  Archimedes'  Principle  never  comes  into  play. 
The  anomaly  associated  with  such  a  seamount  is  quite  large. 
However,  as  the  seamount  grows  in  size  (or  the  lithosphere's 
strength  decreases  because  of  heating,  for  example),  the 
seamount  and  surrounding  lithosphere  must  obey  Archimedes' 
Principle.  Thus,  the  relationship  between  seafloor  topography 
and  gravity  (or  the  geoid)  becomes  (spatial)  wavelength 
dependent.  Thus,  the  inference  of  gravity  from  topography  or 
vice  versa  becomes  ambiguous  in  the  absence  of  other 
information.  For  example,  as  the  seafloor  ages  and  becomes 
sedimented  and  flat,  it  becomes  impossible  to  infer  gravity  from 


We  have  identified  three  research  topics  where  accessibility  of 
the  Navy's  currently  classified  gravity  data  would  lead  to 
important  scientific  research. 

i)  Spatial  Variations  in  Gravity  at  Mid-Ocean  Ridges 
Recently  gravity  data  have  been  exploited  in  a  bid  to  understand 
basic  geophysical  processes  at  mid-ocean  ridges. 
Morphologically,  mid-ocean  ndges  can  be  broken  into  at  least 
two  fundamentally  different  classes  corresponding  to  fast- 
spreading  and  slow-spreading  environments.  Slow-spreading 
ridges  are  generally  characterized  by  rugged  topography  and  a 
spreading  center  bounded  by  steep  mountains.  Fast-spreading 
ridges,  on  the  other  hand,  are  recognized  by  muted  topography 
and  the  absence  of  significant  flanking  mountain  ranges.  Detailed 
geophysical  surveys  at  several  locations  have  been  used  to 
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propose  that  mantle  upwelling,  responsible  for  delivering  melt 
to  the  seafloor,  is  focused  at  discrete  points  or  plumes  at  slow- 
spreading  ridges.  Mantle  flow  at  fast-spreading  ridges,  on  the 
other  hand,  is  often  associated  with  proposed  two-dimensional 
or  sheel  upwelling  in  the  mantle.  While  gravity  data  inferred 
from  Geosat  and  ERS-1  data  have  been  used  to  address  this 
problem  in  broad  brush,  sufficiently  high-resolution  data 
covering  a  large  extent  of  the  mid-ocean  ridge  simply  have  not 
been  available.  The  release  of  the  Navy's  gravity  data  would 
greatly  facilitate  this  fundamental  research  into  the  genesis  of 
the  bulk  of  the  Earth's  surface. 

ii)  Mapping  ofCruslal  Thickness 

The  composition  of  the  oceanic  crust  and  its  density  variation 
with  depth  are  remarkably  constant  throughout  the  oceans. 
Given  this  generally  simple  behavior  and  the  significant 
differential  in  density  between  the  crust  and  underlying  mantle, 
gravity  data  can  be  used  to  infer  the  thickness  of  the  crust  and. 
hence,  the  depth  of  the  mantle  throughout  the  oceans.  While 
allowing  for  the  eventuality  that  variations  in  crustal  density  do 
occur,  a  detailed  gravity  data  set  can  be  used  to  discover  regions 
of  major  variations  in  crustal  thickness.  For  example,  the 
availability  of  Geosat  data  south  of  30°  S  clearly  outlined  an 
anomalous  region  of  oceanic  iithosphere  south  of  Australia 
which  is  now  called  the  Australia- Antarctic  Discordance.  The 
availability  of  more  detailed  gravity  data  throughout  the  Northern 
Hemisphere  would  provide  an  unprecedented  opportunity  for 
understanding  variations  in  crustal  thickness  or  variations  in 
density  that  might  masquerade  as  variations  in  thickness. 

Hi)  The  Structure  of  Fracture  Zones 
Transform  faults  are  found  at  mid-ocean  ridges  where  older  and 
young  Iithosphere  slide  past  each  other  and  are  frequently 
accompanied  by  earthquakes.  The  disrupted  topography  is 
known  as  a  "fracture  zone."  The  bottom  topography  and  the 
differential  in  age  across  fracnire  zones  in  these  regions  lead  to 
the  introduction  of  loading  effects  and  consequent  flexure  of 
the  Uthosphere.  Gravity  data  collected  across  such  fracture 
zones  and  parallel  to  the  original  direction  of  mid-ocean  ridges 
provide  important  information  on  the  long-term  evolution  and 
strength  of  the  Uthosphere.  Again,  the  data  sets  currently 
available  for  studying  this  phenomenon  are  quite  limited.  The 
gravity  data  would  provide  the  data  needed  for  detailed  studies 
of  these  processes  in  the  Northern  Hemisphere. 


d.  Findings 

The  findings  relative  to  marine  gravity  are' 

•  The  release  of  the  Navy's  high-resolution  gravity  data  would 
greatly  facilitate  fundamental  research  into  the  genesis  of  the 
bulk  ofEarth'  s  surface  because  of  their  unparalleled  coverage, 
detail,  and  accuracy. 

•  Availability  of  detailed  gravity  data  throughout  the  Northern 
Hemisphere  would  provide  an  opportunity  for  understanding 
variatioDS  in  crustal  thickness  or  variations  in  density  that 
masquerade  as  variations  in  thickness. 

•  These  gravity  data  would  ako  provide  the  information  needed 
for  detailed  studies  of  Uthosphere  processes  in  the  Northern 
Hemisphere.  .,,..>,-:,.-      , 

2.  GEOMAGNETICS 

a.  Data  Description 

Geomagnetics  is  the  science  that  deals  with  Earth's  magnetism. 
Magnetic  data  that  can  be  used  to  depict  the  geomagnetic  field 
for  any  time  and  location  can  be  used  to  improve  the  navigational 
safety  of  ships  and  aircraft  of  all  nations.  Because  Earth's 
magnetic  field  is  constantly  changing,  knowledge  of  magnetic 
compass  corrections  essential  to  steer  a  true  course  are  necessary 
for  safe  navigation.  Early  sailors  made  these  corrections  by 
comparing  the  compass  with  the  direction  of  the  North  Star. 
Today,  ships  and  aircraft  are  guided  by  magnetic  charts  and 
improved  geomagnetic  data  supplied  by  NAVOCEANO. 

In  addition,  and  for  our  purposes  more  importantly,  geomagnetic 
data  can  be  used  in  scientific  studies  of  the  evolution  of  the 
Earth's  crust.  The  Earth's  magnetic  field  results  from  flow  in 
the  planet's  molten,  iron  core.  The  surface  manifestation  of  this 
magnetic  field  is  a  dipole  field  with  both  a  North  and  a  South 
(magnetic)  Pole.  Furthermore,  these  poles  have  been,  during 
much  of  the  Earth's  history,  closely  aligned  with  the  spin  axis 
of  the  planet;  i.e..  the  geographic  North  and  South  Poles.  For 
geologists  and  geophysicists  the  magnetic  field  is  interesting 
because  the  North  and  South  magnetic  poles  have  reversed 
themselves  aperiodically  throughout  Earth's  history; 
furthermore,  rocks  cooling  from  a  molten  to  a  solid  state  can 
record  this  ancient  field.  By  mapping  small  anomalies  in 
Earth's  field,  therefore,  it  is  possible,  by  knowing  the  reversal 
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histor>',  to  determine  the  age  at  which  the  rocks  were  tormed 
through  volcanic  activity. 

The  Earth's  magnetism  is  a  vector  field  defined  by  both  a 
magnitude  and  a  direction.  Neither  the  magnitude  nor  the 
direction  of  this  field  at  a  point  remains  constant  in  time.  The 
Sun's  solar  wind  causes  daily,  small  variations  in  the 
geomagnetic  field,  and  the  field  measured  on  the  surface  varies 
slowly  over  time,  a  phenomenon  related  to  core  flow  and  called 
"secular  variation."  This  variation  amounts  to  a  few  degrees  in 
the  position  of  the  magnetic  poles  over  the  course  of  a  century. 
Thus,  the  variation  between  the  magnetic  and  geographic  poles 
had  to  be  mapped  periodically  in  order  to  correct  magnetic 
compass  headings  for  true  North.  Because  the  magnetic  field 
is  horizontal  at  the  magnetic  equator  and  vertical  at  the  poles, 
the  angle  of  the  field  with  respect  to  horizontal  can  be  used  to 
determine  latitude.  Historically  this  was  particularly  helpful 
when  neither  the  stars  nor  Sun  could  be  used  because  of  weather 
conditions — a  particular  problem  in  the  past  two  centuries  for 
Arctic  exploration. 

Every  few  years  the  geomagnetic  field  at  the  surface  is  published 
in  the  current  International  Geomagnetic  Reference  Field 
(IGRF).  For  the  past  two  centuries,  the  U.S.  Navy  has  been 
a  major  contributor  to  these  important  data.  This  historic 
contribution  will  come  to  an  end  this  year.  While  the  advent 
of  the  Global  Positioning  System  (GPS)  has  certainly  lessened 
reliance  on  magnetic  compasses  for  navigation,  they  have  not 
yet  been  eliminated  completely.  Even  apart  from  the  important 
scientific  applications  of  geomagnetism  to  be  discussed  below, 
we  are,  therefore,  concerned  that  funding  constraints  associated 
with  post-cold-war  defense  downsizing  and  changing  mission 
priorities  may  not  allow  the  Navy  to  continue  this  valuable 
pubUc  service. 

At  sea  a  magnetometer  is  towed  sufficiently  far  behmd  a  ship 
to  avoid  perturbations  associated  wiUi  the  magnetic  hull.  The 
magnetometer  measures  the  total  field  of  the  Earth  approximately 
every  30  seconds.'  When  the  IGRF  is  subtracted  from  the  total 
field  measured,  the  resultant  anomalies  (about  I  %  of  the  total 
field)  reveal  information  about  the  past  reversals  of  the  field  as 
recorded  in  the  seafloor  rocks.   This  information  led  to  the 


geophysical  discovery  of  seafloor  spreading  and  the  development 
of  die  theory  of  plate  tectonics.  In  general,  the  Navy's  holdings 
of  shipboard  magnetics  data,  largely  in  the  Northern  Hemisphere, 
is  the  most  coherent,  systematic,  and  complete  of  any  survey 
ever  conducted  and,  as  such,  i  s  very  important  in  understanding 
the  past  200  million  years  of  Earth  history. 

Figure  8  shows  an  example  of  a  small  section  of  Earth's 
magnetic  field  at  relatively  high  resolution.  The  data  shown  in 
Figure  8  were  measured  by  the  Navy's  Project  Magnet  aircraft 
in  1983  at  an  altitude  of  500  feet  and  have  an  north/south  track 
spacing  of  3  nm  with  an  along-track  sampling  of  0.25  nm.  The 
magnetic  data  shown  here  depict  the  local  field,  with  both  the 
global  field  generated  by  Earth's  core  and  the  regional  gradient 
field  having  been  removed.  The  stripes  on  the  seafloor  represent 
reversals  in  the  Earth's  magnetic  field  and  can  be  used  to  outline 
the  detailed  tectonic  history  of  oceanic  crust. 

Although  these  data  are  from  the  wholly  unclassified  aircraft 
surveys  of  Project  Magnet,  they  serve  to  illustrate  the  spatial 
complexity  of  such  data  and  to  suggest  the  quantity  of 
geophysical  information  that  is  contained  in  the  higher  resolution 
classified  NAVOCEANO  ship  surveys. 

NAVOCEANO's  magnetic  data  are  currently  stored  in  simple 
digital  files  without  software  to  access  or  manipulate  the  data. 
However  these  data  will  be  incorporated  into  the  IDBMS 
before  the  end  of  FY  95.  This  database  management  system 
should  provide  better  data  accessibility  for  analyses.  There  is 
no  existing  gridded  magnetics  database,  and  constructing  one 
would  be  a  large  effort  because  of  the  difficulty  in  reconciling 
the  temporal  and  spatial  variations.  There  is  a  plan  to  acquire 
scalar  magnetic  data  from  the  Defense  Meteorological  Satellite 
Program  (DMSP)  S-15  satellite.  These  data  could  be  used  m 
conjunction  widi  ship-measured  scalar  data  to  produce  regional 
magnetic  models. 

b.  Accessibility 

Most  NAVOCEANO  aircraft  and  satellite  magnetics  data  are 
in  vector  form  and  are  unclassified,  publicly  releasable,  and 
have  been  turned  oxer  to  National  Geophysical  Data  Center 
(NGDC)  for  public  distribution.  Virtually  all  of  the  ship- 


'  The  siiengih  of  magnetic  fields  are  today  measured  in  SI  units  as  Testa  (T).  which  is  lig/amp/s-.  The  Earth's  magnetic  field  at  the  poles  is  on  the  order  of 
5  X  10*  Teslas  or  6  x  10*  nanoteslas  (nT).  A  previous  measure,  used  prior  to  the  adoption  of  SI  units,  is  the  gamma,  which  is  equal  to  a  nT 
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Figure  8.  Magnetic  Field  of  the  Northern  Jvan  de  Fvca  and  Explorer  Plates 
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collected  geomagnetic  data  are  scalar  data  that  are  classified. 

Because  the  scalar  data  are  hnked  to  locations  and  track  lines, 
formal  review  is  required  to  determine  declassification  policy, 
and  very  few  of  these  data  have  been  released. 


Hlustralion  (bottom)  shows  the 
vertical  component  of  magnetic 
field  in  the  geologically  complex 
Juan  de  Fuca  area  of  the 
northeast  Pacific  (west  of 
Seattle).  The  ocean  area  shovtn 
contains  segments  of  both  the 
Juan  de  Fuca  and  Explorer 
Tectonic  Plates. 

These  data,  from  unclassified 
Navy  aircraft  surveys,  illustrate 
the  general  appearance  and 
spatial  variability  of  high- 
resolution  shipboard  magnetic 
data- 

The  more  intuitive  quannty. 
balhvmelry.  is  depicted  itopjfor 
reference,  showing  in  the  lower 
iefi.  the  northeast  section 
of  the  Juan  de  Fuca  Ridge  and 
the  north-wesl'snutheast 
oriented  continental  'ilope. 


As  a  result  of  post-cold- war  changes  in  Navy  mission  priorities, 
the  Magnetics  Program  will  not  be  supported  beyond  FY  95 
based  on  present  fiscal  plans  of  the  Oceanographer  of  the  Navy. 
To  complete  existing  work,  the  Navy  will  finish  production  of 
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Ihe  epoch  1995  World  Magnetic  Model  (WMM),  which  was 
designed  to  meet  DoD  needs  until  the  year  2000.  Project 
MAGNET  flights  (500  hours  per  year)  and  the  DoD  Geomag- 
netic Library  are  funded  through  FY  95.  However,  the  Navy 
plans  to  terminate  its  entire  geomagnetic  project  by  FY  96. 

MEDEA  is  particularly  concerned  tliat  magnetics  data  may  be 
especially  vulnerable  to  loss,  and  we  feel  it  is  essential  that  these 
data  be  protected.  T!ie  collected  geophysical  data  have  many 
scientific  purposes.  Rapid  release  of  the  data  to  tlie  academic 
community  would  solve  the  problem  of  continued  viability. 
Experience  shows  that  any  database  that  is  not  regularly  used  is 
almost  certain  to  disappear  in  short  order.  Unused  data  have  a 
short  shelf  life  because  of  the  difficulties  of  adequately 
documenting  and  storing  data  for  future  use. 

e.  Scientific  Utility 

.'\ceess  to  dense,  marine  magnetic  surveys  would  be  extremely 
valuable  to  the  geophysical  community  m  several  important 
scientific  applications. 

i)  Improvements  in  the  Accuracy  of  Plate  Tectonic 

Reconstruction 
The  data-dense  magnetic  surveys  can  be  used  to  place  more 
accurate  constrai  nts  on  the  age  of  tile  seafloor.  Combined  with 
the  recently  available  satellite  radar  bathymetrv'  (Geosat  and 
ERS-I)  measurements,  magnetic  survey  data  will  make  it 
possible  to  increase  the  precision  of  calculated  plate 
reconstruction  rotation  parameters  including  finite  rotations 
associated  with  the  long-term  evolution  of  the  Pacific  and 
Atlantic.  These  rotation  parameters  are  the  foundation  of  most 
plate  tectonic  studies. 

II  j  Analysis  of  the  Jurassic  and  Cretaceous  Quiet  Zones 
The  ongin  of  Ihe  magnetic  quiet  zones,  which  encompass  large 
areas  of  the  ocean  Hoor,  is  still  unknow  n.  Analysis  of  dense 
magnetic  surveys  would  be  very  helpful  for  evaluating  various 
proposed  models.  One  idea  that  could  be  tested,  with 
fundamental  implications  for  geomagnetism,  is  that  the  Jurassic 
and  Cretaceous  Quiet  Zones  have  different  origins.  The 
Cretaceous  Quiet  Zones  may  represent  a  period  of  time  when 
ihe  field  intensity  was  strong  but  the  polarity  was  not  reversing. 


while  the  Jurassic  Quiet  Zones  may  represent  a  period  of  time 
when  the  field  was  reversing  very  rapidly  but  the  intensity  was 
low.  High-resolution  magnetic  surveys  could  test  this  idea. 

Hi)  Origin  of  Intermediate  Wavelength  Crustal  Anomalies 
One  of  the  most  poorly  understood  aspects  of  the  crustal 
magnetic  field  data  is  intermediate  wavelength  anomalies  of 
roughly  500-3,000  wavelengths  in  size.  Anomalies  at  these 
wavelengths  have  been  identified  in  satellite  magnetic  fields, 
but  their  source  within  the  crust  (and  even  their  existence)  has 
been  difficult  to  establish  and  is  a  matter  of  debate.  There  is 
currently  a  mismatch  in  the  amplitude  of  these  anomalies  by 
about  a  factor  of  two,  when  sea  surface  observations  are 
extrapolated  for  comparison  with  satellite  observations  (e.g., 
NASA  MAGSAT).  It  has  been  suggested  that  these  differences 
are  caused  by  satellite  altitude  errors  combining  to  attenuate  the 
magnitude  of  an  average  vector  of  component  data,  but  they  are 
more  probably  due  to  assumptions  about  interpolation  implicit 
in  the  upward  continuation  process.  The  resolution  of  this 
question  is  important  not  only  in  determining  the  size  of 
intermediate  wavelength  magnetic  anomalies,  but  also  in 
deciding  what  can  be  resolved  from  magnetic  satellite  data 
Current  sea  surface  data  sets  suffer  from  inadequate  secular 
variation  corrections  because  of  their  irregular  temporal  and 
spatial  distributions,  complicating  comparisons  between  surface 
and  satellite  observations.  The  good  temporal  and  spatial 
resolution  of  the  Navy  data  could  allow  resolution  of  the  source 
of  these  ambiguities. 

ii ■)  Geomagnetism  and  Earth 's  Core 
The  magnetics  data  collected  by  the  Navy  were  collected  over 
several  decades  while  the  seculardong-term.  indefinite  duration) 
variation  in  Earth's  field  changed  significantly  and  a  series  of 
International  Geomagnetic  Reference  Fields  (IGRF)  were 
developed  to  allow  the  study  of  anomalous  variations  in  the 
field.  The  detailed,  well-navigated,  well-calibrated  surveys 
copducted  in  three  dimensions  (x,  y,  t)  should  provide  a  data- 
base currently  unequaled  for  understanding  the  details  in  the 
evolution  of  the  main  geomagnetic  field.  This  information  will, 
in  turn,  constrain  estimates  of  the  flow  in  the  fluid  core 
and  interactions  between  the  core  and  the  mantle  at  the  core- 
mantle  boundary. 
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d.  Findings 

The  findings  relative  to  geomagnetics  are: 

•  Data  from  the  Navy's  magnetic  surveys  could  be  used  to 
constrain  the  age  of  the  seafloor,  and,  combined  with  satelUte 
radar  altinietry  measurements,  make  it  possible  to  refine 
plate  reconstruction  rotation  parameters,  including  finite 
rotations  associated  with  the  long-term  evolution  of  the 
Pacific  and  Atlantic  oceans. 

*  The  availability  of  high  resolution  magnetic  surveys  would 
help  scientists  to  evaluate  various  proposed  models  of  plate 
tectonics. 


seafloor  topography.  Thus,  sateUiie  altimeter  data  provide 
important  reconnaissance  information  over  vast  areas  of  largely 
uncharted  seafloor,  such  as  the  Southern  Ocean  and  Antarctic 
Margins. 

Figure  9  shows  a  sample  color  shaded  relief  image  (at  left)  of 
sea  surface  gravity  anomalies  over  the  Southwest  Indian  Ridge 
south  of  South  Africa  derived  from  declassified  Geo.sat/Geodetic 
Mission  (GM)  and  other  altimeter  data.  The  right-hand  image 
in  Figure  9  is  a  color  shaded  relief  image  of  seafloor  topography 
predicted  from  the  data  in  the  left-hand  image  along  with 
available  shipboard  depth  soundings.  Both  images  are 
illuminated  from  the  southeast. 


•  The  good  temporal  and  spatial  resolution  of  theNavy  surface- 
level  magnetic  data  could  better  define  the  source  of  the 
ambiguities  m  intermediate  wavelength  data  from  satellites. 

•  These  detailed,  well-navigated,  and  weU-cahbrated  three 
dimensional  measurements  should  provide  a  unique  database 
for  understanding  the  details  in  the  evolution  of  Earth's  main 
magnetic  field. 

3.  GEOSAT ALTIMETRY 

a.  Data  Description 

Over  the  past  decade,  satellite  alrimetry  has  had  a  considerable 
impact  in  the  earth  sciences.  Spacecraft  use  pulse-limited 
radars,  along  with  very  accurate  orbits,  to  measure  the 
topography  of  ocean,  ice,  and  land  surfaces.  Over  the  ocean, 
the  radar  pulse  interacts  over  a  wide  footprint  (3  km)  effectively 
averaging  out  the  surface  waves  so  that  small  variations  (3-5 
cm)  in  sea  surface  topography  can  be  mapped.  Over  rougher 
surfaces  such  as  ice  and  land,  the  precision  of  the  topography 
measurements  degrades  to  several  meters.  These  data  have 
created  new  fields  of  research  in  geodesy,  glaciology,  marine 
geology,  geophysics,  and  physical  oceanography. 

The  small  bumps  and  dips  in  the  ocean  surface  (0.03-10  m) 
follow  the  equipotential  surface  of  Earth's  gravity  field,  or 
geoid,  so  satellite  altimeter  measurements  of  sea  surface 
topography  can  be  used  to  recover  marine  gravity  anomalies. 
At  short  wavelengths  (<200  km),  the  gravity  field  mimics  the 


Satellite  data  quality  (1-2  mga!  on  a  10-15  km  wavelength)  is 
currently  considered  to  be  better  than  the  standard  regional  type 
of  survey  that  was  run  in  the  previous  25  year^  by  oceanographers 
and  oil  explorers  ( I  mgal  of  acceleration  is  about  lO'timesthe 
pull  of  gravity).  However,  the  quality  is  not  as  good  as  the  new 
'nigh-resolution  data  that  are  being  collected  in  the  oceans 
today,  or  as  good  as  the  new  gradiometer  data  obtained  from  the 
Navy  system  at  sea.  The  new  high-resolution  data  and  the 
unclassified  gradiometer  data  have  an  accuracy  of  about  0. 1 
mgal  on  a  500  to  1 000  meter  wavelength  thanlcs  to  the  availability 
of  high-quality  GPS  data. 

Individual  Geosat  profiles  have  a  precision  of  about  6  mgal  and 
along-track  resolution  of  30-50  km.  The  close  spacing  of  the 
profiles  (4  km)  supports  a  cross-track  resolution  that  is  better 
than  the  along-track  resolution.  This  redundancy  enables  one 
to  construct  a  two-dimensional  gravity  field  having  equally 
good  resolution  in  all  directions  (25  km  full-wavelength). 

b.  Accessibility 

The  Geosat  altimeter  was  launched  by  the  U.S.  Navy  in  March 
1985  and  provided  data  until  October  1989.  Its  primary 
geodetic  mission  was  to  map  the  marine  gravity  field  at  a  high 
spatial  resolution  on  a  global  basis.  Because  of  their  military 
value  at  the  time,  most  of  the  data  collected  during  the  first  18 
months  of  die  mission  remain  classified,  although  data  from  die 
Southern  Ocean  (south  of  30''S)  were  declassified  in  1992. 
Some  limited  result*  based  on  the  still-classified  data  have  been 
published  by  those  having  access. 
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Figure  9.  Geosat  AfsASURED  Sea  Scrface  Gravity  Anomaues  and  Predicted  Seafloor  Topography  in 

THE  SOVTHERN  INDIAN  OCEAN 
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Large  scale  features  of  Earth 's  sub-surface  structure  are  revealed  through  the  use  ofaltimetry  measurements  from  space. 

The  left  figure  illustrates  Ceosat  geodetic  repeat  mission  data  south  ofiO°S  that  has  previously  been  declassified.  At  right  is  a  depiction  of  seafloor 
topography  derived  from  these  Geosat  alUmetry  data  Comparison  with  shipboard  bathymetry  data  would  show  a  high  degree  of  correlation  between  the 
directly  measured  (ship)  and  inferred  (satellite)  bathymetry. 


c.  Scieniific  Utility 

Geodynamic  applications  of  the  satellite  altiir.etry  data  include: 

•  Location  of  uncharted  features  for  planning  detailed  shipboard 
surveys  and  improving  bathymetric  charts; 


A  review  of  the  available  unclassified  and  declassified  data 
suggests  that  additional  altimetry  from  either  Geosat  or  European 
Space  Agency  ERS- 1  coverage  will  lead  to  a  major  improvement 
in  the  resolution  of  the  marine  gravity  field,  especially  in  the 
low  latitude  regions. 


Investigation  of  seafloor  morphology  and  isostasy; 

Identification  of  fracture  zone  trends  lor  improving  plate 
reconstruction  models; 

Determination  of  the  global  distribution  and  loading  histories 
of  undersea  volcanoes; 

Location  of  manne  sedinientary  basins  for  hydrocarbon 
exploration; 

Constraining  shallow  mantle  convection  processes  including 
those  beneath  mid-ocean  ridges. 


In  July  1 99 1 ,  the  European  Space  Agency  launched  the  ERS- 1 
spacecraft  into  a  high  inclination  (98.5^)  low  altitude  (780  km) 
orbit  similar  to  the  Geosat  orbit.  While  its  primary  mission  is 
to  collect  synthetic  aperture  radar  ( SAR)  images,  it  also  carries 
a  pulse-limited  radar  altimeter  that  is  similar  in  design  to  the 
altimeters  aboard  Seasat  and  Geosat.  In  April  1994,  ERS-1 
began  a  geodetic  mapping  phase  along  a  dense  168-day  repeat 
ground  track.  Two  168-day  missions  have  been  completed  by 
ERS- 1  and  it  is  now  possible  to  "see"  any  features  that  are 
"seen"  in  the  Geosat  GM  data,  as  the  measurement  precision 
and  spatial  resolutions  of  the  two  data  sets  are  similar. 
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If  the  Geosat  GM  data  were  declassified,  die  ERS- 1  and  Geosat 
data  could  be  combined  to  improve  the  resolving  power  slightly 
beyond  the  capabilities  of  either  data  set  alone.  Declassification 
of  Geosat  GM  data  would  be  particularly  beneficial  in  the 
equatorial  regions,  for  several  reasons.  First,  the  ground  track 
spacing  of  the  orbits  is  largest  at  the  equator,  and  hence  the 
resolving  power  of  the  data  sets  is  least.  Second,  the  ERS-1 
orbit  is  more  polar  than  Geosat,  so  that  at  the  equator  ERS- 1  is 
not  expected  to  resolve  the  east  component  of  gravity  as  well  as 
the  north  component  of  gravity.  Third,  there  are  a  number  of 
important  outstanding  scientific  problems  in  this  area. 

In  addition  to  the  value  of  Geosat  data  for  inferring  marine 
gravity  fields,  the  Geosat  GM  data  are  important  in  studying 
global  change.  The  GM  data  were  acquired  during  an  important 
time  in  the  El  Nirio  cycle.  The  release  of  the  GM  data  would 
extend  the  range  of  time  available  for  studying  the  seasonal  and 
interannual  sea-level  changes  and  allow  better  calibration  of 
long-range  forecastmg  models.  The  release  of  the  raw  GM  data 
would  allow  the  calculations  of  sea  level  change  between  GM 
and  ERS-1  or  Topex/Poseidon. 

d.  Findings 

The  findings  relative  to  Geosat  Altimetiy  are: 

•  It  is  evident  that  there  will  be  significant  improventents  in  the 
accuracy  and  resolution  of  the  marine  gravity  field  north  of 
30^  if  Gecsat  classified  high-track-density  data  become 
available.  Such  availability  would  support  a  variety  of 
geo<l3'naniic  ^plications. 

•  The  availability  of  the  Geosat  data  will  extend  the  range  of 
time  available  for  studying  sea  level  changes  that  are  possibly 

^associated  wifli  the  B  Nino  cycle. 

SBfeJ 
4.  SEAFLUOR  SEDIMENT  PROPERTIES 

a.  Data  Description 

The  academic  community  does  not  have  a  complete, 
comprehensive,  digital  database  of  sediment  thickness  and 
sediment  type.  The  Navy  has  developed  such  a  database  and 
has  incorporated  it  in  a  sea-fioor  acoustic  reflection  loss  model, 
Low  Frequency  Bottom  Loss  (LFBL).  The  global  sediment 


properties  database  has  been  derived  from  a  variety  of  classified 
and  unclassified  sources,  including  open  ocean  survey  operations 
and  seafloor  measurements  (cores  and  reflection  profiling) 
taken  in  shallow  waters  around  the  worid,  as  well  as  use  of 
coring  data  from  the  Deep  Sea  Drilling  Project  (DSDP),  the 
International  Program  of  Ocean  Drilling,  and  the  Ocean  Drilling 
Program.  In  addition,  the  Navy  has  databases  containing  a 
variety  of  information  about  sediment  subsurface  structures 
(e.g.,  salt  domes)  that  are  also  unique. 

Figures  10  and  11,  taken  together,  present  both  global  scale 
(Figure  10)  and  regional  scale  (Figure  11)  representations  of 
surface  sediment  type  and  sediment  thickness  on  the  seafloor. 
These  figures  illustrate  the  quality  and  coverage  of  some  of  the 
data  types  currently  available  in  the  Navy's  unique  global 
seafloor  sediment  properties  database. 

b.  Accessibility 

The  LFBL  acoustic  reflection  loss  model,  which  was  the 
Navy's  rationale  for  developing  the  sediments  database,  is 
actually  composed  of  two  distinct  parts:  a  database  of  geo- 
physical and  acoustic  parameters  over  seafloor  regions,  and  an 
acoustic  model,  which  calculates  acoustic  bottom  loss  for 
selected  frequencies  across  a  full  range  of  acoustic  grazing 
angles.  The  data  in  the  first  LFBL  construction  were  derived 
fi'om  unclassified  sources.  Further  refinement  and  data  additions 
by  NAVOCEANO  led  to  the  classification  of  the  LFBL. 
MEDEA's  major  interest  is  in  the  sediment  thickness  and 
sediment  type  sub-files.  Although  unclassified,  the  LFBL 
sediment  thickness  and  sediment  type  files  have  not  been 
distributed  outside  the  Navy's  oceanographic/acoustic 
community. 

The  Navy  also  maintains  a  Geological  Laboratory  database  of 
site  specific  bottom  cores  and  grab  samples.  This  database  has 
both  restricted  and  classified  content. 

c.  Scientific  Utility 

The  release  and  unrestricted  distribution  of  the  sediment 
databases,  including  the  thickness  and  sediment  type  parts  of 
LFBL  and  other  databases  containing  information  about 
subsurface  structures,  would  provide  the  academic  community 
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Figure  10.  Example  of  Seafloor  Sediment  Type  and  Thickness  Data 


The  seafloor  was  characterized 
by  the  Navy  on  a  global  basis, 
primarily  for  itse  in  acoustic 
Isonar)  models. 

This  figure  shows  an  esample 
of  the  sediment  types  and 
sediment  thickness  (expressed 
as  seconds  of  two-way  travel 
time)  for  much  of  the  Atlantic 
Ocean. 

The  mid-Atlantic  ridge  is  seen 
in  both  illustrations,  but  most 
plainly  in  the  region  of  very 
thin  sediments  ISO.05  sec). 
Also  to  be  noted  is  the  small 
region  of  very  thick  sediments 
of  the  Mississippi  Fan,  a  portion 
of  which  was  seen  through  the 
"lens"  of  gravity  data  in 
Figure  6. 


with  its  first,  albeit  somewhat  limited,  global  database  of 
sediment  characteristics. 

Applications  of  interest  include  the  construction  of  much  more 
accurate  geological  maps  of  the  seafloor,  providing  an 
environmental  baseline  and  guide  to  the  distribution  of  natural 
resources.  The  descriptions  of  the  physical  composition  and 
grain  size  distribution  of  the  sediments  contained  in  the  Navy 
data  could  help  to  significantly  improve  our  understanding  of 
the  occurrence  of  sub-bottom  features  such  as  salt  domes. 
Distribution  of  sediments  will  also  allow  research  scientists  to 


study  in  greater  detail  seafloor  processes  such  as  deposition  and 
erosion  of  sediments  by  ocean  currents. 

We  anticipate  that  the  quality  of  the  data  across  this  database  to 
be  quite  variable,  but  the  availability  of  this  global  compilation 
would  provide  a  starting  point  and  background  for  further 
refinement.  Data  from  the  Ocean  Drilling  Program  and  other 
coring  programs  were  incorporated  in  the  initial  configuration. 
As  similar  data  become  available  these  data  can  be  added  and 
the  database  improved  and  expanded  beyond  its  use  as  an 
acoustic  model  subcomponent. 


18 


647 


Figure  11.  Regional  Illustration  of  Sediment  Type  and  Sediment  Thickness 


In  selected  regional  ocean  areas,  the  detail  of  sediment  data  in  the  Navy's  database  is  increased  and  there  is  content  moie  specific  to  each  area. 
Shown  here  is  the  Persian  Gulf.  Like  many  ocean  areas  in  proximity  to  land  having  low  relief,  the  sediment  in  the  Persian  Gulf  is  seen  to  be  very  thin 
(<5m)  except  near  the  outflows  of  rivers,  .vhere  thicknesses  are  >  20m.  In  this  figure  unconsolidated  sediment  thickness  is  given  in  meters. 
Given  the  detail  depicted  in  this  figure,  it  is  important  to  remember  that  the  civdian  community  has  no  digital  database  on  a  global  or  regional  basis 
ofseafloor  sediment  properties  that  approaches  this  level  of  detail. 
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The  Navy's  classified  colleclion  of  bottom  sediments  and 
cores  available  in  a  relational  database  could  augment  the 
Ocean  Drilling  Program  worldwide  data  set.  Applications  of 
interest  include  the  construction  of  highly  accurate  geological 
maps  to  provide  an  extension  of  onshore  mapping,  an 
environmental  baseline,  and  a  guide  for  natural  resources 
exploration.  The  descriptions  of  the  physical  composition  and 
grain  size  distribution  of  the  sediments  could  help  commercial 
users  locate  oil-saturated  sediments,  locate  titanium  and 
manganese  deposits,  and  map  salt  domes,  which  can  act  as 
petroleum  traps  or  influence  migration  pathways.  Composite 
records  of  the  distribution  of  sediments  (like  the  LFBL  sediment 
thickness  data)  could  assist  in  the  study  of  sea  bottom  processes 
such  as  current  activity,  erosion,  and  deposition. 


C.  SEA  ICE 

1.  HISTORICAL  ICE  MORPHOLOGY 

a.  Data  Description 

Temporal  records  of  Arctic  ice  extent,  ice  type,  ice  drift,  and  ice 
draft  are  collected  and  stored  in  Navy  classified  archives.  The 
Navy's  interest  in  ice  is  related  to  its  operations  at  northern 
latitudes  where  sea  ice  can  be  both  a  hazard  and  a  haven.  The 
ice  provides  both  an  optical  and  acoustical  cover  for  submarines, 
and  die  operation  of  surface  ships  is  constrained  by  ice  boundaries 
and  drift.  Ice  thickness  is  important  for  submarine  operation  in 
the  Arctic  region  since  under-ice  safety  is  related  to  knowing 
where  the  thinner  ice  might  be  found  or  where  deep  ice  keel 
obstructions  exist. 


The  thickness  of  sediment  deposits  near  coastlines  provides 
important  constraints  on  the  nature  of  the  evolution  of  continental 
margins  that  are  subject  to  the  same  thermal  decay,  loading, 
and  elastic  flexure  as  the  seafloor.  Seismologists  observe  low 
frequency  surface  waves  that  propagate  across  the  ocean  basins 
and  continental  margins,  but  do  not  have  access  to  global  maps 
of  sediment  thickness  to  use  in  estimating  its  effect  on  the 
dispersion  characteristics  of  the  modes. 

d.  Findings 

The  findings  relative  to  seafloor  sediment  (soperties  are: 

•  The  Navy's  global  ocean  sediment  thickness  database  is 
unclassified,  though  it  has  net  been  generally  accessible.  Its 
value  and  uniqueness  strongly  support  the  conclusion  that  it 
should  be  publicly  distributed. 

•  The  associated  seafloor  sediment  type  database  should  also 
be  made  publicly  available. 

•  The  bottom  sediments  data  can  be  of  use  to  geophysicists  for 
studies  of  the  solid  earth,  including  investigations  of  seismic 
wave  propagation. 

•  Geological  maps  constructed  with  these  data  as  well  as 
extensions  to  onshore  mapping  can  provide  data  for 
environmental  business,  natural  resource  exploration,  and 
paleo-productivity  assessments. 


A  particularly  impressive  data  set  available  at  the  National  Ice 
Center  (NIC)  is  a  detailed  historical  analysis  of  sea  ice  conditions 
over  the  Arctic  Outer  Continental  Shelf  This  data  set  provides 
a  decade  of  ice  observations  prior  to  the  launch  of  LANDSAT 
in  1 972  and  is  the  result  of  an  inventive  compilation  from  a  wide 
variety  of  data  sources.  There  is  an  excellent  chance  that  this 
data  set  is  superior  to  any  compiled  set  available  elsewhere. 
These  data  exist  in  the  form  of  hand  drawn  charts  exhibiting  ice 
edge  and  ice  condition  information  compiled  from  a  variety  of 
classified  and  unclassified  sources. 

Figure  12  (unclassified)  shows  the  minimum  and  maximum 
extent  of  ice  edges.  The  Navy's  classified  Historical  Ice 
Morphology  charts  cannot  be  shown  here,  but  their  contents  are 
primarily  depictions  of  the  ice  edge  and  ice  conditions 
(concentration,  type,  etc.)  in  hand-drawn  chart  format  with  a 
temporal  granularity  of  one  week. 

The  well-known  mean  drift  of  Arctic  ice  is  illustrated  in 
Figure  13.  Arrows  represent  the  direction  ofthe  ice  drift  across 
the  Arctic  Basin,  with  the  speed  being  proportional  to  the  length 
of  the  arrow.  This  Arctic  ice  drift,  combined  with  the  seasonal 
effects  of  warming/cooling  and  variable  snow  cover,  will 
require  much  more  granularity  for  depicting  ice  conditions, 
should  scientific  research  into  topics  like  climate  warming  be 
initiated. 
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Figure  12.  Maximum  and  Minimum  Extent  of  Ice 
Edges 


Figure  13.  Average  Annu.alIceDriftin  the  Arctic 
Basin 


The  extent  oj  the  Arctic  tee  cover  undergoes  a  large  seasonal  flucltwiton. 
between  an  average  of  about  16  million  square  kilometers  in  winter 
{March}  to  8  million  square  kilometers  in  summer  l.\ugust}.  Ytar  to  year 
variations  are  large  in  specific  sectors,  but  averaged  over  all  longitudes, 
they  are  only  a  few  percent. 

The  northernmost  position  of  the  Arctic  sea  ice  edge  at  each  longitude  is 
shown  in  white  for  summer  and  grey  for  winter 

The  Navy 's  Historical  ke  Morphology  data  are  a  refinement  of  the  long 
term  averaged  view  shown  here,  and  include  information  about  ice  condi- 
tions and  composition  on  finer  spatial  and  temporal  scales. 


b.  Accessibility 

Mos;  of  the  Navy's  best  historical  ice  morphology  data  for  the 
Arctic  are  classified  today.  A  closer  review  is  needed  to 
determine  how  this  data  set  could  be  made  more  accessible. 
Although  NIC  does  not  provide  direct  project  support  to  non- 
governmental organizations,  the  primary  NIC  unclassified 
derived  product  (the  bi-weekly  global  sea  ice  assessment)  is 
available  to  the  general  public  via  computer  file  transfers.  NIC 
also  indirectly  supports  a  variety  of  private  activities  such  as  the 
sea  lift  resupply  of  communities  along  the  North  Slope  of 
Alaska  and  winter  fishing  fleet  operations  in  the  Bering  Sea. 


Ice  drift  direction  and  speed  data  are  represented  by  vectors. 

Arrows  represent  the  direction  ofict  dnfi  across  the  Arctic  Basin:  the 
speed  is  proportional  to  the  length  of  the  arrow.  The  ice  moverient 
"fronts"  are  shown  in  yearly  intervals. 

Solid  lines  labeled  J  -6  indicate  the  tikelv  number  of  years  thai  ic  e  will 
sur\'ive  before  it  exits  the  Arctic  Ocean  through  the  From  Strait  {between 
Greenland  and  Spitsbergen)  or  melts  in  ;he  warm  water  near  ihe  coast 
during  summer. 


c.  Scientific  Utility 

The  sea  ice  cover  of  the  polar  regions  exhibits  complex 
interactions  and  feedback  that  affect  both  local  Arctic  climate 
as  well  as  the  climate  of  more  distant,  inhabited  temperate 
regions  of  the  globe.  Bctli  tfie  extent  and  the  thickness  of  sea 
ice  are  believed  to  be  particular!;,  sensitive  to  subtle  changes  in 
climate,  a  sensitivity  that  is  believed  to  be  particular!)  important 
over  the  outer  continental  shelves  of  the  Arctic.  Also,  model 
calculations  for  a  wide  range  of  greenhouse  warming  scenarios 
predict  the  poleward  amplification  of  climate  change,  which 
should  be  accompanied  by  a  reduction  in  the  sea  ice  cover. 
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To  date,  the  predictioti  of  significant  changes  in  the  ice  cover 
has  not  been  borne  out  by  measurements.  However,  tliis 
conclusion  is  primarily  based  on  the  analysis  of  passive 
microwave  data  collected  by  satellite  sensor  systems,  which  are 
limited  in  both  spatial  resoluuon  and  temporal  extent.  Clearly 
the  Navy's  historical  ice  morphology  data,  which  are  both 
detailed  and  predate  satellite  data  b\-  a  decade,  have  much  to 
offer  here  This  information  is  also  of  considerable  use  to 
climatologists;  to  scientists  studying  the  near-shore  transfer  of 
pollutants;  to  individuals  studying  near-coastal  sea  ice  dynamics, 
as  well  as  polynya  (open  water  "leads"  in  the  ice)  and  bottom 
water  formation.  These  data  could  also  be  important  to  modelers 
carrying  out  studies  of  processes  occurring  over  continental 
shelves. 

It  should  also  be  noted  that  the  historical  ice  morphology  charts 
are  also  of  considerable  importance  both  to  groups  interested  in 
developing  coastal  sea  routes  across  the  Arctic  region  between 
the  Atlantic  and  Pacific  oceans,  and  to  companies  assessing  the 
operational  difficulties  of  extracting  the  assumed  large 
petroleum  reserves  from  the  Arctic  Shelves,  hi  both  cases  the 
Navy  data  would  allow  an  improved  assessment  of  hazards  and 
trends. 


accumulated  historical  database  be  continued  through  the 
National  Snow  and  Ice  Data  Center  (NSIDC). 

d.  Findings 

The  findings  relative  to  historical  ice  moiphology  are: 

•  The  reanalysis  of  the  Ice  Morphology  data  set,  currently 
underway  at  the  NIC,  should  be  completed  wi  th  considetation 
given  to  releasing  a  sanitized  form  of  the  final  product  as  an 
unclassified  data  set. 

•  Classified  holdings  of  accumulated  historical  sea  ice  inform- 
ation in  the  Arctic  region,  if  released,  would  contribute 
significandy  to  the  inventory  of  available  data  and  facilitate 
climate  and  ocean  thermal  studies  in  a  significant  way. 

•  This  information  would  be  of  considerable  use  because  it  is 
an  "undiscovered"  historical  record  that  will  fill  gaps  in 
studies  of  ice/water  thermodynamic  and  hydrodynamic 
processes  and  transport. 

•  The  pre-LANDSAT  data  should  be  digitized  and  a  means 
sought  for  its  release  in  an  unclassified  derived  product 


Finally,  the  Navy  data  should  prove  invaluable  to  individuals 
investigating  primary  prodiiLtion  m  the  food  chain  over  the 
.Arctic  Shelves.  Although  the  Arctic  region  has  for  many 
years  been  assumed  to  be  biologically  barren,  recent  evidence 
suggests  that  this  is  particularly  not  true  over  the  continental 
shelves.  Indeed  the  ice  edges  in  the  Bering  and  Chuckchi  seas 
are  proving  to  be  areas  of  intense  biological  activity  including 
imponant  fisheries.  The  improved  data  on  the  variability  of 
shelf  ice  conditions  should  definitely  contnbuie  to  the  analysis 
of  observed  variations  in  biological  stocks  over  the  Arctic 
Shelves.  For  instance,  in  the  Bering  Sea  research  suggests  that 
there  are  direct  relations  between  ice  conditions  and 
oceanographic  factors  that  favor  the  survival  of  juvenile  stocks 
of  important  varieties  of  fish. 

With  respect  to  these  scientific  questions,  it  is  not  the  current 
realtime  products  of  the  National  Ice  Center  that  are  of  prime 
importance.  Instead  it  is  the  accumulated  historical  database  of 
global  sea  icc  information.  It  ib  important  that  the  release  of  this 


•  A  separate,  classified  ice  morphology  archive  at 
NAVMETOCCOM  should  be  retained.  This  archive  would 
contain  additional  high-  resolution  analyses  obtained  &om 
classified  sources. 

:.  ICE  KEEL  DEPTH  ACOUSTIC  DATA 

a.  Data  Description 

The  only  reliable  methods  of  obtaining  extended  profiles  of  ice 
kee!  drafts  (depths),  and  by  implication,  ice  thickness,  are 
upward-looking,  narrow-beam  sonars  (ULS)  mounted  on 
submarines  (Lagrangian  data],  or  mounted  at  the  top  of  subsur- 
face floats  moored  to  the  seafloor  (Eulerian  data).  Methods  to 
deduce  ice  thicbiess  froni  par.-uneters  observable  by  satellite 
are  in  an  experimental  stage  and  will,  in  any  case,  yield  regional 
or  average  thicknesses  and  "ice  type"  rather  than  data  with  the 
high  spatial  resolution  of  the  sonar  method. 

Submarines  have  been  acquiring  scnar  ice  draft  data  since  the 
first  Arctic  crossing  by  Nautilus  in  1957.    In  assessing  the 
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FiCLRE  14.  Example  of  a  Submari\e  Upward-Looking  Sonar  Record  from  September  1993 
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scientific  value  of  these  data  it  should  be  borne  in  mind  that  their 
primary  purpose  has  been  to  avoid  obstacles  (icebergs  and  deep 
pressure  ridge  keels)  and  locate  thin  ice  for  surfacing.  Moored 
sonars  have  been  placed  entirely  in  the  service  of  scientific 
research,  but  they  have  been  in  operation  only  during  the  past 
four  years. 

Between  1957  and  1975,  the  submarine  sonar  data  were  re- 
corded in  an  analog  mode.  Starting  m  1976,  a  digital  recording 
system  was  added  to  the  analog  recorder  on  a  number  (but  not 
all)  of  the  cruises.  The  advantage  of  the  digital  system,  which 
is  referred  to  as  DIPS  (Digital  Ice  Profiling  System),  is  that  it 
greatly  facilitates  analysis  of  the  data  after  the  cruise  has  been 
completed.  The  reason  that  the  analog  system  was  retained  was 
that  it  provided  the  crew  with  realtime  information  on  the 
position  of  the  bottom  of  the  ice  overhead.  Figure  14  shows  an 
example  of  these  analog  recordings. 

There  is  a  large  inventory  of  analog  data  that  has  not  been 
reduced  from  the  original  paper  strip  chart  format  (Table  5) 
Accompanying  these  data  are  the  associated  records  of  location, 
lime,  depth,  etc.  necessajy  to  process  the  data  into  a  scientifically 
useful  series  of  ice  keel  depth  data  points  at  specified  locations. 


Paper  strip  cliansfrom  analog 
recorders  generated  during  an 
under  ice  experiment  show  the 
variations  in  ice  keel  deptlis  in 
the  central  Arctic  region.  Several 
major  ice  keels  extend  about 
^0-40  feet  below  the  svrface. 
The  horizontal  scale  is  actually 
time,  but  given  the  ship  speed 
from  ship's  logs  it  also 
represents  distance  traveled 
under  the  ice.  In  the  case  shown 
the  major  horizontal  division  is 
approximately  0.  ^  nautical  miles. 
This  example  has  been 
declassified  by  the  Naxy  through 
omitting  certain  details  that 
would  be  necessary  for  scientific 
use.  including  some  level  of 
detail  in  location  and  time. 


From  detailed  discussions  with  the  Navy  concerning  these 
data,  we  have  concluded  that  the  analog  records  could  produce 
mean  ice  draft  that  would  be  accurate  to  within  =  0.5  m,  a  value 
that  would  be  similar  to  the  results  of  the  analysis  of  the  DIPS 
data.  In  addition,  since  both  analog  and  DIPS  daia  exist  on  a 
number  of  CRiises.  a  quite  exact  estimate  can  be  obtained  of  any 
systematic  differences  between  these  two  data  sets  as  used  on 
exactly  the  same  ice.  These  analog  results  would  therefore  also 
yield  valuable  information  on  keel  depths  and  distributions. 

The  current  data  holdings  (including  the  DIPS  dai.i)  are  from 
shghtly  more  than  50  deployments  comprising  approximately 
1.800  days  under  the  ice  and  380.000  nm  of  ice  information 
(Table  6).  Almost  all  cruises  up  to  and  including  ihe  present 
have  analog  records  of  the  sonar  information  while  onl>  20 
cruises  have  DIPS  data.  4  of  which  had  major  recording 
problems  and  are  not  useful,  and  12  of  which  have  been  pre- 
processed. 

b.  Accessibility 

Except  for  the  five  earliest  cruises  (e.g.,  the  Nautilus  cruises)  all 
of  the  Navy  s  raw  ice  keel  sonar  data  remain  classified  because 
the  complete  records  necessarily  contain  submanne  tracks 
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Table  5.  Existing  Analog  Submarine  Ice  Keel 
Draft  Acoustic  Data 


Figure  15.  Data  Release  Area  and  Historical 
Submarine  Tracks 
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Table  6.  Existing  Digital  (Magnetic  Tape) 
Records  of  a  Submarine  Ice  Keel  Draft 
Acoustic  Data 
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under  Ihe  .Arctic  ice.  which  have  operational  sensitivity. 
However,  as  these  events  age,  the  secunty  concerns  diminish 
and  the  Navy  has  openly  discussed  some  Arctic  cruises  like 
that  of  the  Nautilus,  and  papers  have  been  published  using 
such  data. 

Certain  classified  aspects  of  under  ice  data  sets  could  be 
preserved  while  still  providing  the  environmental  community 
with  data  that  retain  their  usefulness.  Although  no  raw  data  are 
likely  to  be  declassified  soon,  the  Navy  has  agreed^  to  provide, 
in  unclassified  form,  all  existing  submarine  ice  exercise 
acoustic  data  taken  within  the  geographic  area  shown  in 
Figure  15.  This  figure  also  shows  a  depiction  of  previously 
released  submarine  tracks  through  1982, 


This  figure  shows  the  boundaries  of  the  area  appnnril  by  the  Navy  iCNO) 
in  1992  for  release  ofenvironmenial  data  from  Arctic  submarine  exercises. 

Also  shown  for  this  area  are  tiie  submarine  tracks  of  Arctic  ice  exercises 
through  1982. 

Present  Navy  policies  require  that  in  order  to  be  released, 
acoustic  ice  data  lying  within  the  designated  area  shown  in 
Figure  15  can  be  released  only  if  the  associated  positional  data 
have  been  coarse  grained  in  time  and  space.  We  have  examined 
this  matter  within  context  of  the  coarse  graining  parameters 
specified  by  the  Navy  and  see  it  as  no  impediment  to  full 
scientific  exploitation  of  the  data.  For  future  scientific  Arctic 
cruises,  data  release  has  been  approved  for  the  slightly  larger 
area  shown  in  Figure  16. 

c.  Scientific  Utility 

Since  Nansen's  Arctic  journey,  drifting  ice  camps  of  various 
sorts  have  been  in  operation  for  approximately  100  station- 
years.  Ice  thickness  observations  obtained  by  drilling  holes  or 
measuring  ice  freeboard  have  established  an  average  ice 
thickness  in  the  central  Arctic  region  of  about  3  meters,  with 
a  large  variance  on  small  spatial  scales.  However,  from  tliese 
physical,  location-specific  data,  over  the  past  century  no 
discernible  secular  trend  has  been  documented. 

Submarine  ice  profiles  are  a  valuable  data  source  for  ice  draft 
and  ice  process  studies.  The  spatial  and  the  temporal  coverage 
that  these  data  supply  is  imponant  for  investigations  studying 
both  large-  and  small-scale  vanations  and  trendr,  in  the  state  of 
the  ice  pack.   From  the  data  that  are  ehgible  for  release,  one 


"^The  scientific  community  has  yet  !o  "test"  this  policy  wilh  new  data  requests. 
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FiGVRE  16.  Area  Approved  for  Release  of 
Future  Akciic  Dm 


This  figure  shows  the  boundaries  of  the  area  approved  by  the  Navy  for 
release  of  environmental  data  from  future  Arctic  sttbmarine  exercises. 

could  hope  to  develop  seasonal  distributions  of  ice  thickness 
extending  over  maiiy  years  and  coveting  important  sections  of 
the  Arctic  basin. 

The  Navy's  ice  draft  acoustic  data  could  also  prove  valuable  in 
developing  and  assessing  methods  for  estimating  ice  thickness 
and  especially ,  ice  thickness  distribution,  by  satellite  and  aircraft 
remote  sensing  (f.g.,ERS-l  and  Radarsat).  For  example,  many 
synthetic  aperture  radar  images  exist  over  the  Arctic  region, 
especially  the  Beaufort  Sea.  Efforts  to  use  these  images  to 
estimate  sea  ice  thickness  are  hampered  by  the  lack  of  calibrated 


surface  measurements.  The  Navy's  ice  draft  data  could  fill  this 
gap  if  the  track  along  which  the  data  were  collected  could  be 
located  in  the  SAR  image.  Sufficiently  precise  techniques  do 
exist  to  locate  both  SAR  image  pixels  and  the  submarine  track. 
However,  since  release  of  detailed  track  data  may  be  difficult, 
and  since  few  such  tracks  will  happen  to  fall  within  existing 
SAR  images,  only  a  limited  number  of  detailed  submarine  ice 
draft  acoustic  data  with  detailed  locations  would  be  needed. 
Use  of  these  acoustic  ice  draft  data  would  support  the  long-term 
scientific  goal  of  creating  ice  thickness  maps  of  the  Arctic 
regions  using  both  aircraft  and  satellite  remote  sensing. 

One  product  that  it  would  be  possible  to  extract  in  a 
straightforward  way  from  the  ice  draft  acoustic  data  would  be 
the  distribution  of  ice  thickness  An  example  of  what  one 
"snapshot"  distribution  might  look  like  is  shown  in  Figure  17 
taken  from  the  Southern  Beaufort  Sea  (using  data  unrelated  to 
the  Navy's  classified  data  discussed  here). 

During  the  cold  season  (September  to  May),  new  ice  forms 
wherever  existing  ice  cover  splits  and  diverges.  Subsequent 
motion  under  the  influence  of  winds  and  ocean  currents  causes 
the  ice  to  shear,  converge,  raft,  and  ridge.  The  result  is  an  ice 
thickness  distribution  such  as  the  one  shown.  This  thickness 
distribution  is  an  important  indicator  of  mechanical  forces  and 
of  heat  exchange  between  atmosphere  and  ocean.  Only  upward- 
looking  sonar  is  capable  of  obtaining  this  information  efficiently 
and  with  the  necessary  accuracy. 


Figure  17.  Distribution  of  Ice  Drafts  in  the  Southern  Beaufort  Sea 


The  small  maximum  at  Om  represents  open  water 
and  very  new  ice  having  a  thickness  of  only  a  few 
centimeters.  The  poorly  defined  maximum  at  ice 
thicknesses  near  1  meter  represents  ice  that  has 
grown  as  a  result  of  ice  divergence  during  the 
past  1-2  months.  The  largest  peak,  near  2  meters, 
is  first  year  ice  that  started  growing  during  the 
previous  autumn  The  broad  maximum  near  3 
meters  represents  the  preponderant  population 
ofmultiyear  ice.  The  tad  of  the  distribution 
toward  large  thicknesses  (greater  than  4  meters, 
extending  to  15  meters}  represents  mechanically 
compressed  ice  such  as  ridges  and  rafts. 
The  line  rising  to  nearly  100%,  associated  with 
the  scale  at  the  right,  gives  the  cumulative  area. 
Thus  approximately  75%  of  the  area  measured 
contains  ice  that  is  4  meters  thick  or  less,  and 
approximately  95%  is  less  than  10  meters. 


654 


The  overall  picture  of  Arctic  ice  thickness  has  been  developed 
by  several  investigators  from  a  variety  of  sources.  One  such 
portrayal  is  shown  in  Figure  18,  depicting  the  mean  winter  ice 
thickness  developed  from  some  of  the  early  Navy  data  (adapted 
from  publicly  available  data). 

The  Navy  also  holds  some  of  the  acoustic  ice  draft  data  in 
processed  forms.  For  its  own  purposes  the  Navy  has  developed 
classified  and  unclassified  databases  of  under  ice  features.  For 
instance,  ice  information  was  needed  in  acoustic  models  that 
were  developed  to  predict  sound  propagation  loss  in  the  Arctic 
region.  Since  1989  the  Navy  ha,s  analyzed  the  DIPS  data  from 
14  of  the  20  cruises  on  which  the  DIPS  system  was  deployed. 
As  a  result  of  these  analyses,  1 0  statistical  parameters  including 
mean  ice  draft,  rms  ice  draft,  and  standard  deviation  of  the  mean 
ice  draft,  as  well  as  a  variety  of  parameters  describing  ridging, 
were  calculated  for  each  nautical  mile  when  ice  was  overhead. 
These  data  are  available  in  two  different  databases. 

The  first  database  remains  classified  because  it  includes  po- 
sition and  timing  details  for  individual  cruises  as  well  as  the 
specific  data  extracted  from  individual  cruises.  In  thaidatabase, 
results  are  generally  binned  into  60  x  60  nm  regions.  The  values 
are  interpolated  for  regions  where  data  are  not  available,  and  a 
clear  distinction  is  made  between  real  information  and 
interpolated  values.  The  second  unclassified  database  isentitled 
Ice  Profile  Database  V3. 1 .  The  data  upon  which  V3. 1  is  based 
are  identical  to  the  classified  database.  In  addition,  the 
60x60  nm  geographic  binning  is  retained.  However,  the  data 
are  grouped  into  two  seasons,  fall  and  spring,  and  the  results  of 
all  the  data  obtained  for  each  60x60  nm  block  are  averaged. 
Values  are  interpolated  for  blocks  where  data  are  unavailable, 
and  information  is  not  provided  to  allow  the  user  to  distinguish 
real  average  values  from  interpolated  values. 

In  its  present  format  the  Ice  Profile  Database  V3. 1  cannot  be 
exploited  by  the  scientific  community.  Because  of  the  global 
averaging,  ii  is  impossible  to  look  at  temporal  variations  in  ice 
conditions,  potentially  the  most  interesting  aspect  that  could  be 
studied.  Also,  the  grouping  of  data  into  spring  and  fall  does 
not  provide  adequate  temporal  resolution  to  allow  sorting  of 
changes  with  time  (although  it  may  not  be  necessary  to  know 
time  and  place  exactly).   Another  problem  with  V3.I  is  that 


Figure  18.  Mean  Ice  Draft  from  Variovs  Early 
Submarine  Cruises 


Over  the  Arctic  region,  ice  thichiess  romposttei  have  ban  constructed 
from  previottsly  released  submarine  acoustic  and  a  variety  of  supporting 
data. 

This  figure  shows  one  such  depiction  of  mean  winter  ice  thichiesses.  Not 
surprisingly  the  mean  is  driven  by  the  thick  multiyear  ice  causing  the  peak 
at  .im  seen  in  Figure  1 7. 


Although  the  distribution  in  Figure  17  results  from  measurements  in  one 
part  of  the  Beaufort  sea.  aiui  Figure  18  shows  a  long  term  winter  mean  for 
the  entire  Arctic  region,  the  two  depictions  are  quite  consistent. 

measured  data  cannot  be  distinguished  from  interpolated 
numbers  that  are  filling  data  voids. 

The  Profile  Database  could  be  made  useful  if  the  data  were  only 
averaged  within  individual  cruises  and  within  each  60  x  60  nm 
box  (30x30  nm  boxes  would  be  preferable).  Further,  the  box 
averages  should  be  coupled  with  a  year  and  a  time  of  year.  If 
these  changes  were  made,  scientists  probably  could  perform 
more  detailed  analyses  of  ice  patterns  and  trends. 

The  practical  accessibility  of  the  .inalog  data  is  limited  by  its 
present  format.  If  these  data  are  ever  to  be  analyzed  and  thereby 
made  available  for  further  studies,  now  is  the  time.  The  early 
charts  are  nearly  40  years  old.  Yet,  all  the  information  required 
for  an  adequate  analysis  still  exists  at  the  Arctic  Submarine 
Laboratory. 

With  regard  to  the  analog  data,  we  expect  that  current  state-of- 
the-art  image  analysis  techniques  could  prove  extremely  useful 
in  speeding  the  processing  of  the  analog  data.  If  it  were  decided 


26 


655 


to  analyze  these  data,  all  of  the  data  should  be  analyzed,  even 
those  data  from  areas  outside  of  die  releasabie  geographic 
region. 

d.  Findings 

The  iindiiigs  relative  to  ice  keel  depth  acoustic  data  are: 

•  The  data  from  upwaid-iooking  submaiiDe  sonar  measure- 
ments of  ice  are  the  only  quantitative  measures  of  under  ice 
structure  available  to  studies  of  under-ice  topography  and 
climate. 

•  Archival  analog  data  from  about  SO  exercises  still  exist. 
These  data  were  found  to  be  of  sufficient  quality  that  they 
could  be  reduced  sjid  processed  to  create  a  digital  database. 
The  analog  data,  in  classified  form,  should  be  digitized  and 
put  into  a  database  along  with  the  supporting  information 
(tracks),  and  then  reduced  to  a  geolocated  time  series  of  ice 
thickness.  This  classified  database  should  then  be  archived 
at  NAVOCEANO  pending  possible  declassification,  prior 
to  which  it  should  be  made  accessible  in  its  classified  form  to 
appropriately  cleared  scientists. 

•  All  of  the  data,  both  analog  and  digital,  within  the  area 
already  identified  by  the  Navy  as  containing  releasabie  daia 
for  future  submarine  scientific  cruises,  should  be  provided  to 
the  scientific  community  for  its  use  (in  accord  with  current 
Navy  plans). 

•  The  unclassified  Ice  Profile  Database  V  3 . 1  could  be  a  useful 
composite  reference  containing  ice  structuie  if  modified  to 
contain  more  detailed  data  (less  averaging). 

•  The  Navy's  ice  draft  acoustic  data,  accumulated  over  about 
30  years,  is  likely  to  prove  valuable  in  developing  more 
accurate  methods  for  measuring  ice  thickness  by  aircraft  and 
satellite  remote  sensing  (e.g.  ERS-I  and  Radarsatl 

»  Bothunclassifiedandclassifieddatashouldbeprocessedand 
archived  in  such  a  way  that  temporal  changes  of  ice  thickness 
;  and  thickness  distributions  are  fully  preser/ed.  Regional 
j^,  averages  and  their  changes  in  time  can  be  derived  as  needed 
't.  if  the  primary  data  are  fully  documented. 


D.  OCEAN  VOLUME  AND  BOUNDARY  PROPERTIES 

I.  REALTIME  SALINITY  AND  TEMPERATURE 
FIELDS  (GOODS) 

a.  Data  Description 

The  Global  Oceanographic  Observation  Data  Set  (GOODS) 
contains  a  wide  variety  of  ocean  measurements  collected  from 
drifting  buoys,  moorings,  ships,  and  aircraft  (primarily  vertical 
profiles  of  temperature  and  temperature/salinity  data  with  some 
observed  sound  speed  profiles  and  surface  temperature  values, 
similar  to  MOODS).  These  are  near  realtime  data  that  are 
relayed  to  FNMOC  and  NAVOCEANO  and  loaded  into  a 
database  for  access  the  next  day.  GOODS  coverage  is  worldwide. 
These  daily  observations  provide  a  new  look  into  ocean  pro- 
cesses that  has  previously  been  unavailable  to  most  of  the  ocean 
science  conununity. 

Data  are  stored  in  an  on-line  accessible  database  for  a  period  of 
approximately  three  months.  To  the  panels  knowledge,  the 
GOODS  data  set  is  the  only  realtime,  quality-controlled, 
network-accessible  collection  of  surface  ocean  observations 
available  anywhere.  Availability  of  this  data  set  is  of  primary 
interest  to  ocean  modelers  and  analysts.  It  would  be  of  immense 
immediate  interest  to  vanous  researchers  for  validating  satellite 
observations. 

Figure  19  illustrates  the  global  nature  of  one  component  of 
GOODS  holdings,  those  in  the  "restricted"  category.  It  is 
important  to  note  the  large  number  of  measurements,  even 
within  this  limited  category,  that  are  typically  accomplished  in 
the  short  period  of  five  months. 

b.  .Accessibility 

Many  of  the  GOODS  data  are  obtained  from  unclassified 
sources.  However,  Navy  ships  also  contribute  to  the  databases, 
and  the  locations  of  these  ships  are  usually  classified  while  they 
are  out  of  port.  As  a  result,  some  individual  data  entries  in  the 
database  are  classified,  and  because  of  the  regulations  governing 
processing  and  storage  of  classified  digital  data,  the  entire 
GOODS  database  must  be  handled  as  classified. 

Data  are  stored  on-line  and  can  be  accessed  electronically.  Data 
accessed  at  a  summary  level  (like  sea  surface  temperature 
contours)  can  be  used  as  unclassified  material. 


27 


656 


c.  Scientific  Utility 

If  researchers  are  afforded  access  to  the  data,  the  near  realtime 
view  afforded  by  GOODS  would  open  important  new 
applications  to  the  ocean  science  community. 

•  Ship  observations  and  other  sampling  schemes  could  be 
adapted  to  conform  to  the  state  of  the  ocean.  Such  adaptive 
sampling  would  greatly  increase  the  efficiency  of  limited 
sampling  resources,  much  as  access  to  near  realtime  satellite 
imagery  has  done  in  the  past  decade. 

•  Many  satellite  algorithms  make  use  of  in  situ  observations 
for  either  sensor  calibration  or  validation.  Access  to  GOODS 
would  allow  researchers  to  test  the  performance  of  such 
algorithms  and  assess  their  quality  based  on  comparisons 
between  the  satellite-derived  observations  and  the  data  located 


in  GOODS.  Reducing  the  delay  between  the  comparison  of 
//!  situ  and  satellite  observations  would  greatly  improve  the 
utility  of  remote  sensing  data. 

Numerical  models  of  ocean  processes  are  evolving  toward 
the  use  of  data  assimilation  techniques  and  nowcasting  of  the 
current  state  of  the  ocean.  Similar  to  procedures  used  in 
weather  forecasting,  ocean  models  could  incorporate  GOODS 
data  directly  into  the  novvcast  system. 

The  techniques  used  in  GOODS  could  eventually  migrate 
into  operational  systems  to  support  commercial  and  regulatory 
needs.  For  example,  near  real-time  observations  could  be 
used  to  forecast  warming  events  that  imght  be  critical  for 
near  shore  aquaculture  activities. 
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Shown  here  are  the  locations  at  which  "restricted"  GOODS  data  were  collected  during  the  period  June-October  in  1994. 

Even  over  the  span  of  a  few  months  the  GOODS  data  are  spatially  diverse  and  contain  frequent  samples.  The  actual  data  include  temperature  profiles 

and  may  include  salinity  profiles  and  other  measurements  depending  on  the  collection  platform  and  its  instrumentation. 


The  total  volume  of  GOODS  data,  including  the  public  c 


s  and  classified  data,  is  significantly  greater  than  that  shown  here. 
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Oceanography  is  steadily  moving  toward  nowcasts  -Hnd 
eventually  forecasts)  of  ocean  circulation  patterns.  Access  to 
near  realtime  data  will  be  a  critical  element  of  such  models. 
Many  other  activities,  including  ship  and  aircraft  observations, 
would  benefit  greatly  by  this  near  realtime  view.  The  present 
system  focuses  primarily  on  physical  observations  such  as 
currents,  temperature,  and  salinity.  We  encourage 
N.WOCEANO  to  examine  new  data  types,  such  as  bio-optical 
measurements,  as  a  wider  variety  of  autonomous  sensors  become 
available  and  are  widely  distributed  in  the  oceans. 

d.  Findings 

The  findings  relative  to  realtime  salinity  anci  temperature  fields 

(GOODS)  are: 

•  Although  tlie  largest  pan  of  the  GOODS  database  is 
unclassified  it  is  not  generally  accessible.  It  is  recommended 
that  steps  be  taken  to  explore  access  to  this  database  via  the 
Internet  where  it  would  get  its  most  productive  use. 


?]  commonly  produce  both  temperature  and  salinty  (and 
other)  data,  whereas  .tircraft  surveys  normally  provide  only 
temperature  data  as  depicted  in  Figure  20. 

To  gain  some  understanding  of  the  spatial  sampling  of  MOODS 
data.  Figure  22  illustrates  the  locations  of  public  domain 
MOODS  survex  data  for  the  Norwegian  and  Barents  seas  in  the 
winter  season. 

b.  Accessibility 

Currently  MOODS  is  only  available  to  the  Navy  and  the  DoD 
community.  The  unclassified  MOODS  database  contains 
publicly  available  data  as  well  as  restricted  and/or  sensitive  but 
unclassified  data.  Disclosure  of  the  resLncted  and/or  sensitive 
data  may  be  controlled  by  bilateral  international  data  exchange 
agreements  or  other  understandings.  Coupied  with  the 
unclassified/resiricted/sensitive  data,  there  is  also  a  classified 
MOODS  database  which  contains  data  at  various  classification 
levels. 


•  Nov/casting  of  the  ocean  circulation  and  temperature  is  the 
future  direction  of  oceanography,  and  GOODS  data  would 
make  a  significant  contribution. 

2.  ARCHIVAL  SALINITY  AND  TEMPEIt\TURE  FIELDS 
(MOODS) 

a.  Data  Description 

The  Master  Oceanographic  Observation  Data  Set  (MOODS) 

is  probably  the  largest  collection  of  in  situ  oceanographic 
observations  that  has  been  syntiiesized  into  a  single  coherent 
database.  The  MOODS  data  set  covers  the  time  period  from 
1900  to  the  present.  MOODS  contains  primarily  vertical 
profiles  of  temperature  and  temperature/saimily  data  with  some 
observed  sound  speed  profiles  and  some  surface  temperature 
values.  The  highest  depth  resolution  of  the  MOODS  data  is  one 
meter.  Examples  of  ocean  thermal  structure  data  extracted 
from  MOODS  are  given  in  Figure  20  for  two  nearby  but 
dissimilar  ocean  areas. 

Figure  2 1  again  shows  dissimilar  data  from  nearby  ocean  areas, 
this  time  in  the  Mediterranean  Sea.  Unlike  Figure  20  which 
shows  many  individual  temperature  profiles.  Figure  21  shows 
only  the  envelope  of  temperature  and  salinity  profilt  v.  Ship 
surveys  such  as  the  ones  resulting  in  the  data  shown  in  Figure 


NAVOCEANO  transfers  unclassified  data  collected  for 
MOODS  to  the  National  Oceanographic  Data  Center  (NODC) 
for  distribution  m  the  public  domain.  In  theory,  this  should 
ensure  a  timely  progression  of  these  data  to  general  use. 

Each  vertical  data  cast  in  the  MOODS  database  contains  a  data 
classification  code  in  the  data  header,  including  the  data 
distribution  statement  and  reason  for  restriction.  A  comparison 
of  the  amount  of  data  categonzed  by  distribution  statement  is 
illustrated  in  Figure  23.  A  representative  area  (the  Norwegian 
and  Barents  seas)  was  chosen  as  a  baseline  for  comparison  of 
the  different  types  and  categories  of  data. 

c.  Scientific  Utility 

Improved  descriptions  of  the  oceanic  density  field  are 
fundamental  to  our  understanding  of  the  ocean's  circulation. 
Such  descriptions  provide  a  basis  for  estimates  of  mean 
circulation  as  well  as  analyses  of  low  frequency  changes  in 
circulation,  e.g..  decadal  fluctuations  in  North  Atlantic  salinity. 

General  availability  of  the  original  MOODS  database  from 
NAVOCEANO  to  the  civilian  oceanographic  community  would 
significantly  enhance  education  and  research  in  ocean  sciences. 
It  is  unclear  to  us  whether  access  to  either  the  restncted  or  the 
classified  data  would  significantly  enhance  the  value  of  current 
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Figure  20.  Sample  MOODS  Aircraft  Survey  Data 


"    / 


MOODS  aurraft-coUected 
data  consist  of  temperature 
measurements  vs.  depth  (i.e.. 
profiles)  along  with  location 
and  time  references. 
Over  ocean  areas  the  ocean 
structure  represented  by  ocean 
temperature  changes  on  various 
spatial  scales.  Here  we  see  the 
cooler  [TC  to  14  "Cj  waters 
of  the  shallow  Yellow  Sea  on 
the  right  and  the  warmer 
( W  C  to  26'  C)  waters  of  the 
deeper  East  China  Sea  on  the 
left.  In  this  case  only  temperature 
data  were  collected 


ocean  data  archives,  since  the  distribution  of  these  data  with 
respect  to  the  unclassified  holdings  has  not  been  examined  in 
detail.  !l  has  been  determined,  however,  that  in  many  cases  the 
non-public  data  primarily  improves  the  spatial  sampling  of  the 
public  data  rather  than  providing  data  in  areas  or  time  periods 
having  no  public  data. 

To  quantify  the  uniqueness  of  the  restricted  data  types  in 
MOODS,  we  recommend  that  NAVOCEANO  review  the 
MOODS  holdings  and  develop  products  that  address  the 
uniqueness  of  these  particular  holdings.  If  the  result  of  this 
process  suggests  that  the  classified  holdings  do  not  contribute 
significantly  to  the  overall  ocean  database,  we  would  recommend 
that  the  public  domain  data  be  released  for  general  open 
distribution.  On  the  other  hand,  if  such  a  review  of  the  data 
suggests  that  the  restricted  and/or  sensitive  dataholdings  provide 


significant  insight  into  ocean  processes,  then  we  would 
recommend  more  general  disclosure  of  the  overall  database. 

d.  Findings 

The  findings  relative  to  archival  salinity  and  temperature  fields 

(MOODS)  are: 

•  The  general  availability  ofthe  original  MOODS  database  to 
the  civilian  oceanographic  community  would  significantly 
enhance  the  ocean  climatologies  data  inventory  available 
for  public  sector  education  and  research  in  ocean  sciences. 

•  An  investigation  into  the  restricted/sensitive  data  or  classified 
data  in  MOODS  should  be  conducted  to  determine  if  these 
data  would  enhance  the  database  enough  to  argue  for  further 
release  of  classified  MOODS  holdings. 
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Figure  21.  Sample  MOODS  Ship  Survey  Data 


1 


MOODS  ship-collected  data  consist 
of  both  temperature  and  salinit}-  verstts 
depth  profiles  along  with  location  and  time 
references.  For  clarity  only  the  envelopes 
of  the  individual  temperature  and  salinity 
p'-ofiles  are  shown.  The  profile  envelopes 
exhibit  the  near-isothermal  and  isohaline 
waters  of  the  Adriatic  on  the  lop,  and  the 
waters  of  the  central  Mediterranean  having 
an  upper  ocean  layer  with  strong  gradients 
in  both  parameters. 


3.  OCEAN  OPTICS. AND  BIOLUMINESCENCE 

a.  Data  Descnpiion 

The  Navy's  interest  m  optics  of  the  ocean  denves  from  such 
issues  as  the  potential  for  optical  detection  of  underwater 
objects  and  laser  bathymetry,  as  well  as  for  environmenta! 
concerns,  such  as  the  detection  of  fuel  leaks,  determination  of 
the  toxicity  of  antifoulant  coatings,  detection  of  chemical 
compounds,  or  location  of  contaminated  sediments.  Similarly, 
civilian  environmental  measurement  applications  are  present  at 
both  the  micro  and  macro  levels.  Micro  level  analyses  of 
contaminated  water  and  macro  level  analyses,  for  example, 
global  ocean  color,  are  complementary  methods  of  measuring 
ocean  "health."  Color  and  transmission  properties  help 
determine  the  presence  of  effluents  and  estimate  their  rates  of 
dissipation  or  dispersal.  Bioluminescence  is  tied  to  ocean  life 
processes  and  caii  be  a  convenient  measurement  tool  of  broader 
ocean  "health." 


Figure  24  shows  a  measurement  of  bioluminescence  activity  in 
a  portion  of  the  East  China  Sea  at  a  measurement  depth  of  3m. 

Space -based  techniques  for  the  estimation  of  ocean  color  and 
ocean  clarity  are  in  development.  Older  Navy  data  are  less 
voluminous  both  temporally  and  spatially  than  that  permitted 
by  present  techniques.  While  remote  sensing  techniques  are 
being  refined,  there  still  is  the  need  for  in  siiu  and  at-depth 
measurements  that  cannot  be  duplicated  without  using  ships  at 
sea  These  data  must  also  be  available  to  provide  a  baseline  for 
remote  sensing  techniques. 

More  optical  data  are  being  collected  in  the  coastal  zones  of  the 
world  with  the  change  in  focus  of  U.S.  Navy  operations.  These 
regions  are  especially  challenging  because  optical  propenies 
are  far  more  complex  and  regionally  specific,  and  because  the 
scales  of  variability  are  much  smaller.  Traditional  sampling 
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Figure 22.  MOODS  Survey  Locatio,\s  is  the 

NORWEGIAS  .4  VP  BaRE\TS  SEAS 


Figure  23.  Quantities  of  Data  Contained  in 
MOODS  Distribution  Categories 


Each  color  pomi  represenis  the  location  of  a  particular  oceanographu 
measurement  and  indicates  the  rype  of  profile  that  was  collected  and 
placed  into  MOODS.  A  blue  point  indicates  a  location  where  a  depth/ 
temperature  profile  is  available.  A  red  point  denotes  a  combined  depth/ 
temperature/salinity  profile.  The  map  plots  all  of  the  data  points  available 
in  the  public  domain  for  the  winter  season. 


This  figure  compares  the  numbers  of  MOODS  profiles  that  are  available 
in  the  various  categories  of  accessibility. 

A  large  amount  of  MOODS  data  are  already  in  the  public  domain 
category.  Many  of  the  non-public  domain  data  are  not  classified,  but 
restricted  lusually  as  a  result  of  some  bilateral  international  agreement). 
It  is  not  necessarily  the  case,  however,  that  the  potential  for  gaining  public 
access  to  currently  restricted  data  is  greater  than  that  for  currently 
classified  data. 


Figure  24.  Ship  Survey  Bioluminescence  Data  in  the  East  China  Sea 


These  data  show  the  intensity 
of  bioluminescence  at  a  depth 
of  3  meters.  The  maximum 
activity  is  in  the  southwestern 
part  of  the  area  and  the 
minimum  in  the  southeastern 
portion,  which  includes  a  part 
of  the  Ryukyu  Island  chain. 

Unlike  many  ocean 
characteristics  that  vary 
by  small  amounts  over  even 
very  large  areas,  these  data 
exhibit  variations  greater 
than  an  order  of  magnitude. 
These  measurements  were 
made  in  the  same  area  as 
poriions  of  the  aircraft 
surveys  depicted  in 
Figure  20. 
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methods  that  rely  on  deployment  of  expensive,  one-of-a-kind 
sensors  are  inadequate  to  meet  the  challenge  of  optical  research 
in  the  coastal  zone. 

b.  Accessibility 

Generally  there  is  no  public  access  to  these  data  since  the 
majority  are  classified.  The  Naval  Oceanographic  Office  has 
collected  an  extensive  set  of  optical  and  bioluminescence 
measurements  of  the  world's  oceans,  primarily  in  classified 
form.  These  ship  observations  include  both  underway  and  on- 
station  measurements.  Although  the  data  are  primarily  located 
in  areas  of  specific  interest  to  the  Navy,  they  represent  an 
extensive  set  of  unique  measurements.  Most  of  these  data  are 
available  through  official  (classified)  data  reports,  but  they  are 
not  available  electronically  through  a  relational  database. 

c.  Scientific  Utility 

Improved  characterization  of  optical  parameters  in  littoral 
access  will  be  of  immediate  help  to  studies  of  ocean  health, 
living  marine  resources,  and  basic  research.  Coastal  studies 
are  a  prime  example  of  how  the  operational  and  research 
communities  would  benefit  by  joint  data  sharing  and  research 
programs.  For  example,  the  next-generation  satellite  ocean 
color  sensors  will  provide  much  better  measurements  in  these 
complex  coastal  waters.  Access  to  both  civilian  and  operational 
databases  of  in  situ  observations  would  significantly  improve 
the  quality  of  the  satellite  retrievals  for  both  communities. 

A  second  example  of  utility  would  be  in  the  area  of  in  situ 
sensor  design.  The  research  community  is  moving  toward  less 
capable  (in  terms  of  signal-to-noise  ratios,  number  of  spectral 
bands,  etc.)  sensors  that  are  dramatically  less  expensive.  Such 
sensors  are  suitable  for  deployment  in  greater  densities  (to 
resolve  small-scale  variability )  or  in  areas  where  loss  of  sensors 
is  likely  (such  as  in  areas  of  heavy  fishing  activity).  These 
sensors  would  benefit  both  the  operational  and  research 
communities.  We  encourage  NAVOCEANO  to  continue  to 
foster  the  exchange  of  information  on  sensor  development. 


d.  Findings 

"t!ie  findings  relative  to  ocean  optics  and  biohimisescenci^iue: 

•  NAVOCEANO  should  continue  to  foster  the  exchange  of 
infonnation  on  optical  sensor  development  since  tiiis  drives 
data  collection  capabilities  for  both  civilian  and  Navy 
communities. 

»  Coastal  studies  are  a  prime  example  of  how  the  Navy 
operational  and  civilian  research  communities  would  benefit 
by  joint  research  progKms,  thus  taking  advantage  of  the  post- 
cold-w  ar  Navy  foojs  on  littoral  regions. 

4.  MARINE  BATHYMETRY 

a.  Data  Description 

Bathymetry  is  the  science  of  measuring  ocean  depths  to 
determine  seafloor  topography.  Seafloor  bathymeuy,  and 
global  topography  in  general,  represents  the  most  fundamental 
of  geophysical  databases.  Oceanographic.  meteorological,  and 
geologic  studies  depend  upon  accurate  descriptions  of 
morphology  to  understand  the  magnitude  and  lateral  scale  of 
variability  within  the  earth,  ocean,  and  atmosphere.  In  the  past, 
national  and  international  bodies  have  sought  to  incorporate  as 
much  survey  data  as  possible  to  generate  reliable  and  accurate 
maps  of  the  seafloor.  NAVOCEANO  has  assisted  in  this 
important  process  by  making  survey  data  available  and  has 
supported  unclassified  databases  such  as  the  Digital  Bathymetric 
Database  (DBDB). 

The  Navy  has  been  interested  in  ocean  depth  not  only  because 
of  navigation,  but  because  of  the  channeling  of  ocean  signals 
and  noise.  To  support  acoustic  analyses,  the  bathymetry  of  the 
world  has  been  digitized  into  databases  with  five  arc  minute 
grids,  with  some  geographic  areas  at  2,  1,  0.5,  and  0.1  arc 
minute  resolutions.  All  ocean  areas  north  of  78°S  are  covered, 
as  well  as  depths  up  to  the  200  m  contour  line  near  the  coasts 
(shallower  depths  are  interpolated  values).  Bathymetric  values 
are  in  uncorrected  meters  measured  acoustically  and  are  referred 
to  a  sound  speed  of  1,500  meters/sec. 

Figure  25  shows  three  dimensional  representations  of  ocean 
bathymetry  of  a  small  test  area  of  the  northeast  Pacific  at  two 
resolutions,  high  resolution  (0. 1  arc  minute)  and  low  resolution 
( 1 .0  arc  minute).  Bathymetric  data  having  a  resolution  of  0. 1  arc 
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minute  are  normally  classified  by  the  Navy.  However,  this 
particular  example  was  taken  from  a  data  collection  in  a  test 
area  used  by  the  Navy  for  understanding  the  utility  of  high 
resolution  data. 


Figure  25.  Sample  Bathymetry  Data  at  High 

AND  Low  RESOLirriONS 


The  original  multibeam  bathymetric  sonar  data  are  archived  at 
NAVOCEANO  and  can  be  accessed  in  their  original  raw  form. 
Returning  to  these  raw  sonar  data  could  provide  researchers 
with  the  highest  level  of  detail  available.  These  data  were  used 
in  the  construction  of  the  gridded  database  summaries. 
Multibeam  data  from  the  Sonar  Array  Survey  System  (SASS) 
became  available  starting  in  the  mid-1960s.  SeaBeam  data 
collection  began  in  1987.  SIMRAD  systems,  including  EM- 
100  (1992)  and  now  the  EM- 121 A  and  SeaBeam  2000/2012 
systems  ( 1 995),  are  die  latest  bathymetric  mapping  equipment 
in  use  today. 

b.  AccessibiUty 

Accessibihty  to  some  of  the  bathymetric  databases  is  possible 
at  the  unclassified  level  except  for  sensitive  regions  where  the 
location  of  detailed  surveys  may  compromise  location-specific 
issues.  Detailed  gravity  surveys  that  include  bathymetry  data 
were  generally  conducted  at  locations  that  are  not  associated 
with  such  systems  and  where  gravity  variability  is  high.  There 
are  also  high  resolution  databases  that  are  classified  in  their 
entirety.  Distribution  of  the  DBDBs  to  government  users  is 
through  the  Defense  Mapping  Agency  with  assistance  from  the 
Naval  Oceanographic  Office.  A  5  arc  minute  resolution,  global 
grid  DBDB  is  available  to  the  public  through  the  National 
Geophysical  Data  Center.  There  is  an  effort  underway  to 
produce  an  unclassified  database  with  variable  resolution 
(DBDB-V)  that  would  incorporate  some  0.5  arc  minute  data. 

Multibeam  bathymetric  sonar  data  are  mostly  classified  or 
restiicted.  Restiicted  data  are  often  the  result  of  a  cooperative 
data  collection  with  a  foreign  government  or  under  a  bilateral 
agreement.  The  host  government  would  have  to  give  its 
approval  before  these  data  dissemination  restrictions  could  be 
removed.  While  possible,  tiiis  could  be  very  difficult  in 
practice. 

c.  Scientific  Utility 

The  joint  availability  of  magnetics  and  seafloor  topography 

data  would  greatly  improve  plate  tectonic  reconstructions. 


This  composite  figure  shows  the  topography  of  a  small  section  of  the 
seafloor  off  the  coast  of  California.  The  upper  illustration  is  from 
bathymetric  data  having  a  resolution  of  0.1  arc  minute  lie..  0.1  nautical 
mile).  The  lower  illustration  is  from  halhymeinc  data  having  a  resolution, 
an  order  of  magnitude  coarser,  of  1.0  arc  minute  (i.e..  I  nautical  mile).  In 
areas  where  there  is  little  relief  {e.g..  the  center  of  the  area)  the  two 
representations  differ  little  In  areas  of  significant  relief  the  southwestern 
comer  for  example,  the  high  resolution  data  show  a  much  greater  degree 
of  irregularity. 

Detailed  bathymetry  data,  accompanying  marine  magnetics 
data,  and  geoid  data  from  Geosat/ERS-1  would  allow  detailed 
reconstructions  of  plate  motions  through  time  to  include  the 
oldest  Jurassic  and  Cretaceous  lithosphere. 

As  new  oceanic  litiiosphere  is  created  at  mid-ocean  ridges  and 
spreads  away  from  volcanic  centers,  the  lithosphere  cools. 
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becomes  more  dense,  and  sinks.  For  some  time,  a  square  root 
relationship  between  age  and  depth  of  the  seafloor  has  been 
understood  as  a  manifestation  of  the  diffusion  process,  which 
conducts  the  heat  into  the  overlying  ocean.  However,  the 
accuracy  of  seafloor  depth  data  and  ambiguities  in  the  age  of 
the  topography  (available  from  magnetics  data)  have  resulted  in 
numerous  hypotheses  of  spatial  and  tectonic  variations  in  the 
cooling  process.  The  availability  of  these  highly  accurate  and 
finely  sampled  data  would  allow,  for  the  first  time,  a  detailed 
study  of  the  spatial  variations  in  this  important  evolutionary 
process. 

The  oceanic  iithosphere  acts  as  an  elastic  plate  of  time- varying 
thickness.  As  Iithosphere  ages,  volcanoes  are  sometimes 
erupted  onto  the  plate  (e.g.,  Hawaii)  and  the  loading  causes  the 
Iithosphere  to  flex.  Often  such  flexure  results  in  moats  around 
the  volcanoes,  and  the  spatial  characteristics  of  the  flexure  can 
be  used  to  estimate  the  thickness  of  the  plate  and  the  age  of 
loading.  Frequendy  the  Iithosphere  can  be  reheated  after 
cooling:  previously  submerged  islands  can  again  ascend  above 
the  ocean's  surface.  Outward  of  oceanic  trenches,  old,  cold 
Iithosphere  is  flexed  by  the  forces  associated  with  the  subduction 
of  the  Iithosphere  to  great  depths.  Again  the  spatial  characteristics 
can  be  used  to  provide  an  estimate  of  the  elastic  thickness. 
Detailed  ocean  bottom  topography,  enhanced  by  geoid  and 
gra\  ity  data,  would  greatly  expand  upon  the  data  sets  available 
for  studying  the  importance  of  the  elastic  Iithosphere  in 
understanding  the  vertical  component  of  tectonics  in  the  oceans. 

The  North  Pacific  contains  many  linear  volcanic  chains  that  are 
poorly  defined  on  current  bathymetric  charts.  Most  scientists 
believe  that  these  chains  formed  as  the  Pacific  plate  moved  over 
numerous  hot  spots.  However,  some  chains  may  be  caused  by 
volcanism  associated  with  plate  deformation.  High-resolution 
bathymetry  would  help  address  this  issue  by  revealing  the 
spatial  relationships  among  the  volcanoes.  Moreover,  high- 
resolution  maps  would  reveal  the  detailed  morphology  of 
individual  structures.  The  important  morphological  features 
are  the  flatness  of  the  seamount  or  guyot,  the  number  of  rift 
flanks,  and  preferential  alignment  of  the  rift  flanks  perhaps 
related  to  plate-wide  stress  patterns.  Finally,  detailed  bath- 
ymetry is  needed  for  magnetic  modeling  of  individual 
seamounts  to  establish  their  paleolatitude  of  formation,  as  well 
as  magnetic  reversal  patterns  along  volcanic  chains. 


The  Navy's  bathymetry  data  are  truly  a  national  asset.  The 
compilation  and  gridding  represents  an  estimated  176  man- 
years  of  effort,  and  the  sur\  ey  data  on  which  the  data  are  based 
are  never  likely  to  be  duplicated.  Accurate  and  detailed 
measurements  of  the  ocean  depth  can  only  be  done  using  ships, 
which  is  both  expensive  and  time  consuming. 

Raw,  side-scan  sonar  data  offer  an  exciting  opportunity  to 
augment  relatively  low-resolution  sur\eys,  which  have  been 
available  for  several  years  in  limited  areas  (p.  j..  GLORIA).  The 
availability  of  high-resolution  side-scan  sonar  coverage  will 
have  major  implications  for  the  oil  and  gas  industry  in  mapping 
seafloor  faults  and  fractures  that  control  oil  or  gas  seeps, 
produce  subsea  freshwater  springs,  and  contribute  to  slope 
instability.  Hazards  to  navigation  and  existing  pipelines  can  be 
much  more  accurately  located,  facilitating  pipeline  repair  or 
ship  routing  around  hazards. 

d.  Findings 

The  findings  relative  to  marine  bathymetry  are: 

•  The  joint  availability  of  magnetics  and  seafloor  topography 
data,  in  combination,  would  greatly  improve  the  accuracy  of 
plate  tectonic  reconstructions  and  materially  aid  planning  of 
at-sea  experiments  and  a  variety  of  ocean  measurements  and 

analyses. 

•  It  is  very  important  that  the  Navy's  planned  release  of 
DBDB-V  is  achieved  soon. 

•  A  determination  should  be  made  concerning  the  level  of 
utihty  afforded  by  DBDB-V  if  significant  amounts  of  the  0.5 
arc  minute  resolution  database  (DBDB-0.5)  are  not  released 
and  incorporated  into  DBDB-V. 

•  Provided  that  the  release  of  DBDB-V  occurs,  there  will  be  a 
smaller  potential  scientific  benefit  to  the  release  of  the 
remaining  classified  data.  However,  should  the  plarmed 
release  of  DBDB-V  with  0.5  arc  minute  data  not  occur,  we 
strongly  believe  that  a  review  of  the  classification  policies 
themselves  should  be  undertaken  with  a  view  toward  making 
such  a  declassification  possible. 
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E.  ADDITIONAL  CONSIDERATIONS 

1.  GENERALIZED  DIGITAL  ENVIRONMENTAL 
MODEL  (GDEM) 

The  GDEM  is  one  of  the  Navy' s  standard  climatology  databases 
providing  information  on  the  temperature  and  salinity  of  the 
ocean.  It  is  a  derived  database  in  that  it  does  not  contain  actual 
oceanographic  observations,  but  instead  consists  of  statistical 
representations  of  the  temperature  and  salinity  fields  drawn 
from  MOODS.  MOODS  contains  about  five  million 
observations  worldwide.  GDEM  was  constructed  by  fitting 
polynomial  curves  (with  the  exception  of  the  surface  layer,  0- 
400  meters)  to  each  depth  profile  from  MOODS  and  averaging 
all  the  equivalent  coefficients  within  each  30  arc  minute  spatial 
cell.  The  surface  layer  coefficients  are  those  that  give  the 
appropriate  amplitude  response  to  a  filter  function.  The  global 
results  were  then  gridded  with  interpolated  values  fiUing  in  any 
voids.  Using  these  coefficients  this  model  can  reconstruct  a 
representative  climatological  vertical  profile  of  ocean 
temperature  and  salinity  at  any  location  in  the  Northern 
Hemisphere  for  any  of  the  four  seasons.  GDEM  profiles  are 
available  for  ocean  areas  where  the  water  depths  exceed  100 
meters,  except  for  the  Mediterranean,  Red  Sea,  and  Sea  of  Japan 
where  the  cutoff  depth  is  50  meters,  and  the  Persian  Gulf  and 
Yellow  Sea  where  it  is  0  meters.  An  update  of  the  public  domain 
GDEM  in  progress  will  result  in  some  areas  having  10  arc 
minute  resolution.  Figure  26  shows  where  GDEM  ocean 
models  exist  and  some  of  their  important  characteristics. 

A  recent  comparison  between  GDEM  and  the  Levitus 
Climatology  suggests  that  GDEM  provides  results  very  similar 
to  the  Levitus  Climatology,  which  is  extensively  used  by 
oceanographers  to  initiahze  numerical  global  and  regional 
circulation  models.  These  models  are  providing  significant 
insight  intoocean  circulation  and  the  role  of  the  oceans  in  global 
climate.  For  areas  of  strong  ocean  currents,  such  as  the  Gulf 
Stream  and  Kuroshio,  an  unsmoothed  version  of  the  GDEM 
results  is  available.  This  unsmoothed  version  has  been  reported 
to  provide  a  better  representation  of  the  density  strucmre  than 
does  the  Levitus  Climatology. 

V-GDEM  stands  for  Variability  for  the  Generalized  Digital 
Environmental  Model,  and  provides  an  envelope  of  plus  or 


minus  two  standard  deviations  around  the  GDEM  profile  for 
each  30  arc  minute  grid  cell.  While  GDEM  can  be  obtained  for 
various  parts  of  the  world  oceans  via  the  Internet  with  anonymous 
File  Transfer  Protocol  (FTP),  V-GDEM  and  the  high-resolution 
GDEM  are  not  available  via  the  Internet,  and  the  Arctic  GDEM, 
while  not  classified,  is  restricted  to  Navy-approved  users. 

GDEM  and  V-GDEM  could  be  very  useful  to  a  number  of 
oceanographers  working  on  circulation,  air-sea  exchange,  and 
cUmate  issues.  We  suspect  that  many  oceanographers  may  not 
be  aware  of  these  models,  their  structure,  and  how  they  might 
be  obtained.  It  would  seem  desirable  to  make  the  oceanographic 
community  as  a  whole  more  aware  of  these  databases.  We  are 
certain  that  the  oceanographic  community  would  like  to  have 
the  Arctic  GDEM  available  for  use  as  well  as  the  higher 
resolution  shallow  seas  GDEM.  As  a  broader  segment  of  the 
oceanographic  community  uses  these  products,  we  expect 
these  models  to  become  better  known  and  used,  and  that 
recommendations  for  enhancements  will  be  forthcoming. 


This  figure  shows  the  ocean  areas  where  GDEM  ocean  profile  data 
models  of  various  resolutions  exist. 

Table  7  summarizes  the  most  important  characteristics  of  the  models. 
While  the  lowest  resolution  GDEM  ocean  data  models  have  been 
developed  for  nearly  the  entire  globe,  the  higher  resolution  models  exist 
only  for  limited  regional  ocean  areas. 
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Table  7.  Componests  of  the  GDEM  Database 


HAS  IN 

ARKA 

SPAIIM, 
KFSOI.l '1  ION 

MIMMIM 
DKI'III 

Arctic 

north  of  65N 

30  minutes 

100  meters 

North  Atlantic 

0-65N 

30  minutes 

100  meters 

South  Atlantic 

60S-0.  70W-20E 

30  minutes 

100  meters 

North  Pacific 

0-65N 

30  minutes 

100  meters 

South  Pacific 

60S-0.  I45E-70W 

30  minutes 

100  meters 

Mediterranean 

5V.'-42E 

30  minutes 

50  meters 

Indian  Ocean 

Nof40S,20-i45E 

30  minutes 

100  meters 

Red  Sea 

Nof40S,20-145E 

30  minutes 

50  meters 

Persian  Gulf 

Nof40S.20-145E 

10  minutes 

0  meters 

Sea  of  Japan 

34.5N-52N 

10  minutes 

50  meters 

Yellow  Sea 

23-41N,  116-I33E 

10  minutes 

0  meters 

2.  ARCTIC  BUOY  PROGMM 

This  unclassified  Arctic  data  buoy  program  has  been  ver>' 
effective  in  providing  realtime  ice  motion  and  surface  pressure 
data  over  the  Arctic  Basin  and,  as  the  sophistication  and 
flexibility  of  the  buoys  continues  to  improve,  the  collection  of 
an  expanded  suite  of  meteorological  and  oceanographic 
parameters  is  now  possible.  Not  only  is  this  data  set  essential 
to  effective  NIC  operations,  it  is  also  generally  useful  to  a 
variety  of  civilian  meteorology  and  oceanography  research 
programs.  By  piecing  together  support  from  a  number  of 
governmental  agencies  within  the  United  States  as  well  as 
Canada,  Germany,  and  recently  Russia,  NIC  has  been  able  to 
continue  this  important  program  with  great  benefit  to  everyone 
operating  in  the  Arctic  region.  This  has  not  always  been  an 
easy  task  but  the  results  have  proven  to  be  well  worth  the  effort. 

J.  COMPREHENSIVE  ENVIRONMENTAL  ASSESSMENT 
SYSTEM  (CEAS) 

CEAS  consists  of  a  user-oriented  software  front-end  connected 
to  a  series  of  environmental  databases  that  are  often  collected 
by  classified  government  assets  in  support  of  Navy  operations. 
These  databases  have,  for  ihe  most  part,  already  been  discussed 
in  this  report.  The  databases  run  on  public-domain  Geographic 
Resources  Analysis  Support  System  (GRASS)  software,  and 
can  be  accessed  using  the  widely  available  ARC  INFO  Graphical 


Information  Systems  (G!S)  format.  The  databases  are  relational 
in  that  they  can  be  superimposed  in  multiple  layers  to  provide 
a  data  package  registered  to  a  common  base  map.  This  multi- 
layered  registration  enhances  the  utility  of  all  the  data  sets  in 
that  they  can  be  analyzed  in  context  and  in  various  combinations 
to  suit  the  user's  requirements. 

Data  contained  in  the  CEAS  vary  in  type,  measurement  precision, 
and  geographic  coverage.  General  categories  of  data  potentially 
available  include  high-resolution  bathymetry,  bottom  sediment 
properties  and  characteristics  (e.g.,  thickness,  physical 
properties,  grain  size,  area  distribution,  acoustical  properties), 
and  seafloor  roughness.  These  data  are  typically  analyzed  in 
conjunction  with  other  databases  to  provide  operational 
information  to  the  military  client. 

Not  all  data  types  are  available  in  all  geographic  areas;  they 
vary  by  both  density  and  precision  of  measurement.  In  general, 
coverage  includes  coastal  regions  and  open  oceans  where 
Navy  operations  have  been  conducted  or  might  be  in  the  future. 
Tliese  areas  include  the  Persian  Gulf  Gulf  of  Oman,  western 
Pacific  Ocean,  Mediterranean  Sea.  and  other  areas.  Significantly, 
many  of  the  areas  already  covered  are  of  interest  to  science  and 
industry,  where  exploration  for  natural  resources  or  pollution 
abatement  programs  are  planned  or  are  underway. 
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Figure  27  shows  one  fonr  of  data  output  obtained  from  CEAS, 
an  identification  of  various  anomalies  in  the  seafloor  in  the 
Persian  Gulf. 

The  availability  of  these  data  in  ARC  fNFO  format  makes  them 
attractive  to  civilian  users  because  they  can  be  easily  added  to 
existing  databases.  Much  of  the  data  available  from  CEAS  is 
already  available  in  terms  of  general  type  and  regional  coverage. 
However,  the  value  of  this  system  lies  in  the  high  quality  of 
the  data  (resolution  and  multiple  measurements  over  a  lengthy 
time)  and  the  data  now  available  from  previously  denied 
regions. 

The  CEAS  database  has  an  effect  on  a  number  of  marine 
engineering  issues: 


cable,  and  pipeline  routing; 

•  Environmental  baseUne  studies,  pollution  control; 

•  Hazards  to  navigation — detection  of  shoals,  coral  reefs, 
shipwrecks,  and  abandoned  strucwres;  and 

•  Contribution  to  global  change  and  soUd  earth  geophysics 
studies. 

CEAS  would  be  particularly  useful  m  developing  and  applying 
interpretation  methods  to  remote  sensing  data  from  many  parts 
of  the  worid's  oceans  (e.g.  Space  Radar  Laboratory  SAR 
imagery).  CEAS  would  help  provide  the  "surface  truth"  to 
enable  interpretation  to  be  done  in  a  cost  effective  manner. 
Surface  information  not  only  aids  in  confirming  correct 
interpretations,  but  allows  false  interpretations  to  be  dis- 
covered and  discarded. 


Namral  resources  exploration — oil  and  gas.  minerals; 
Engineering  smdies — siting  offshore  platforms  and  facilities. 
port  access  channels,  ice  hazards  and  grounding  potential, 
submarine  slump  potential  and  slope  stability,  undersea 


To  convey  some  sense  of  how  CEAS  might  appear  to  a  user. 
Figure  28  shows  several  database  access  options  for  the  western 
Atlantic.  Depicted  are  sediment  type  data,  ocean  temperature 
at  a  specified  depth  from  MOODS,  sea  surface  temperature 
from  satellite  data,  and  acoustic  ocean  noise. 


Figure  27.  CEAS-geserated  Plot  of  Seafloor  Asomaues 


This  figure  shows  five  different  types  of  seafloor  anomalies  in  the  Persian  Gulf. 
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Figure  28.  Example  of  CEAS  Database  Access  Options 


CEAS  offers  the  user  relatively 
easy  access  to  an  entire  variety 
ofNAVOCEANO  ocean  data. 

Included  are  the  seafloor  sedi- 
ments data,  bulk  properties  such 
as  temperature  and  salinity, 
satellite  data,  and  some 
acoustic  data. 


4.  ACOUSTIC  DATA  AND  ACOUSTIC  SENSING 
OF  THE  OCEAN 

Except  as  menrioned,  the  MEDEA  study  did  not  review  or 
consider  the  large  acoustic  data  holdings  of  the  Navy.  The 
majority  of  acoustic  data  held  by  NAVOCEANO  are  the 
multibeam  bathymetric  survey  data,  although  there  are  exten- 
sive holdings  of  ambient  noise  measurements  and  transmission 


Within  the  acoustic  data  collected  for  system  development  and 
the  systems  designed  for  submarine  detection,  there  are  possible 
opportunities  for  scientific  use  of  ancillary  products.  For 
instance,  for  many  years  there  has  been  a  interest  in  data  that 
would  reveal  long-term  trends  in  ocean  noise  levels  due  to 
shipping.  The  oceanographic  community  has  long  debated  the 
trends  in  the  ocean  noise  environment  and  the  natural  and  man- 
made  components  of  the  ocean  noise  condition  and  variability. 


In  a  broad  sense,  acoustics  is  the  major  measurement  tool  for 
ocean  environments  (bathymetry,  distance,  bottom  roughness, 
bottom  characteristics,  seismic  noise,  etc.).  Acoustic 
measurement  systems  work  well  because  of  the  physical 
transmissivitypropertiesofthe  water  medium.  Electromagnetic 
measurements  are  not  possible  in  water  except  over  short 
distances  or  at  very  low  frequencies.  (Not  coincidentally,  this 
is  why  the  Navy  was  interested  in  sensing  for  submarines  with 
acoustics.)  Therefore,  the  acoustic  measurement  data  and 
acoustic  measurement  expertise  resident  within  the 
NAVOCEANO  oceanographic  departments  represent  a  valu- 
able part  of  the  Navy's  classified  holdings. 


It  is  also  known  that  acoustic  sensing  of  seismic  events  is  a 
sensitive  method  of  measuring  undersea  seismic  activity  and 
variations.  Studies  by  the  NOAA-Pacific  Marine  Environ- 
mental Laboratory  (PMEL)  and  others  have  demonstrated  the 
utility  of  undersea  acoustic  data  for  long  range  seismic 
monitoring  of  ocean  seismic  activity. 

The  Navy's  acoustic  data  holdings  and  acoustic  surveillance 
systems  could  be  given  wider  use  similar  to  the  efforts  being 
carried  out  within  the  Strategic  Environmental  R&D  Program"  s 
toemploy  the  Integrated  Undersea  Surveillance  System  (lUSS) 
to  study  endangered  whale  populations  and  ocean  seismic 
events. 
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F.  SUMMARY 

During  the  past  30  years  the  Navy's  ocean  surveys  have 
systematically  collected  bathymetry,  gravity,  magnetics,  and 
salinity/temperature  tleld  data  on  a  global  basis,  in  particular, 
encompassing  almost  ail  of  the  Northern  Hemisphere. 
Altogether  more  than  100  ship-years  of  data  acquisition  have 
been  devoted  to  this  effort.  It  is  highly  unUkely  that  such  an 
effort  will  ever  be  repeated.  Equally,  as  with  any  historical  data, 
the  National  Ice  Center' s  ice  morplioiogy  charts  from  the  1 960s 
and  the  ice  keel  drati  acoustic  data  from  1970s  can  never  be 
obtained  from  any  future  measurement  program. 

The  major  findings  of  this  chapter  concern,  firet,  an  assessment 
of  the  potenual  for  each  of  the  databases  to  support  scientific 


research  should  public  release  become  possible.  The  second 
dimension  concerns  a  prioritization  of  these  findings  in  terms  of 
the  miportance  of  the  research  that  could  be  supported. 

The  major  findings  identified  in  this  chapter  are  encapsulated  in 
Tables  8  and  9,  which  also  include  a  prioritization.  We  have 
arrived  at  this  prioritization  by  considering  a  number  of  factors, 
including  the  uniqueness  of  the  data,  the  intrinsic  merit  of  the 
scientific  problems  to  which  the  data  can  be  applied,  the 
practical  difficulties  associated  with  the  use  of  the  data  (e.g.,  the 
need  to  convert  voluminous  uncalibrated  analog  records  to 
calibrated  digital  records),  and  the  likelihood  that  if  the  data 
were  not  made  available,  the  civilian  community  would  find 
some  means  of  replicating  it  in  the  foreseeable  future. 


Table  8.  First  Tier  of  Scientific  Sigmficance 
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Table  9.  Second  Tier  of  Scientific  Significance 
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III.  Improving  Capabilities  in  Ocean 
Science 


A.  OVERVIEW 

Thus  far  in  this  report  we  have  dealt  primarily  with  assessing  the 
scientific  utility  of  specific  oceanographic  and  geophysical 
databases.  Here  we  will  address  the  more  general  issue  of 
identifying  opportunities  for  mumal  benefit  that  might  arise 
from  a  closer  technical  relationship  between  academic  ocean 
science  and  the  Navy's  oceanographic  establishment. 

With  congressional  support,  and  following  recommendations 
made  by  the  ETF  and  by  MEDEA,  the  intelligence  community 
has  established  a  program  to  collect  and  archive  classified 
NTM  imagery  data  collected  from  a  set  of  locations  that  will  be 
regularly  surveyed  over  periods  ranging  from  years  to  decades. 
The  data  are  to  be  used  in  scientific  studies  of  the  global 
environment,  albeit  requiring  classified  access.  Some  of  these 
measurement  sites  are  ocean  areas.  One  important  result  of  the 
present  MEDEA  study  has  been  the  realization  that  scientific 
exploitation  of  these  ocean  fiducial  data  must  involve  analytical 
use  of  correlative  oceanographic  data  from  the  data  archives  of 
NAVOCEANO.  These  "correlative  data"  are  in  many  cases  the 
same  as  those  discussed  in  Chapter  II:  ocean  thermal  and 
salinity  structure,  high-resolution  bathymetry,  etc.  The  proper 
scientific  exploitation  of  the  ocean  fiducial  data  is,  therefore, 
bound  up  with  access  to  NAVOCEANO"  s  databases  and 
modeling  capabilities. 

Section  B  discusses  the  rationale  for  the  NTM  Global  Fiducial 
Data  Program  and  the  need  for  correlative  oceanographic  data 
in  its  exploitation.  Section  C  addresses  the  NAVOCEANO 
data  access  capabilities,  which  we  believe  are  important  to 
scientific  research  in  and  of  themselves,  as  well  as  to  the 
exploitation  of  the  ocean  fiducial  data.  The  final  section.  Bridge 
Building,  describes  our  recommendations  for  addressing  all 
these  issues:  exploitation  of  the  NTM  fiducial  data,  use  of 
NAVOCEANO' s  oceanographic  capabilities,  and  development 
of  closer  ties  between  the  Navy  and  the  civilian  ocean  science 
community.     , ,.  


B.  GLOBAL  FIDUCIAL  DATA 

1.  SCIENTIFIC  BASIS 

The  desirability  of  establishing  a  long-term  record  of  well- 
sampled  environmental  databases  on  a  fixed  set  of  sites  has 
been  identified  by  the  scientific  community  as  a  critical  resource 
in  identifying  and  analyzing  global  environmental  change.  The 
capability  to  make  systematic  observations  over  many  years 
is  essential  in  gaining  an  understanding  of  the  fundamental 
physical  and  biological  processes.  Long-term  data  will  reveal 
variabiUty ,  such  as  low-frequency  cyclic  phenomena  and  decadal 
to  centennial  processes  such  as  global  warming,  that  cannot  be 
resolved  in  data  sets  gathered  for  shorter  periods.  Long-term 
observational  data  also  provide  long  lead-time  indications  that 
the  global  environment  trends  may  be  moving  in  undesirable 
directions  and  that  actions  may  be  needed  to  reverse  these 
trends. 

There  are  also  discrete,  or  time-limited,  events  of  both  natural 
{e.g.,  volcanic  eruptions)  and  manmade  origin  {e.g. ,  the  Kuwait 
oil  field  fires,  large  oil  spills,  or  dumping  of  radioactive  materials 
in  the  ocean)  with  longer  term  effects  on  the  global  system. 
Studying  the  effects  of  such  events  may  provide  important 
insights  into  how  the  global  environmental  system  adjusts  to 
these  discrete  perturbations  as  well  as  to  longer  term  changes. 

Another  dimension  of  the  fiducial  data  concept  involves 
exploiting  the  unique  capabilities  of  the  nation's  classified 
space-based  reconnaissance  system.  Characteristics  of  these 
sensors  are  complementary  to  those  of  civilian  and  commercial 
sensor  systems.  Whereas  civilian  sensing  systems  have 
emphasized  relatively  low-resolution  imaging  that  covers  very 
large  surface  areas,  classified  systems  provide  high-resolution 
coverage  of  relatively  small  areas.  There  are  also  significant 
differences  in  their  treatments  of  spectral  resolution  and 
bandwidth.  Thus  classified  systems  will  add  a  significant 
dimension  to  the  civilian  environmental  remote  sensing 
program.  Detailed  and  periodic  studies  can,  therefore,  take 
place  at  a  variety  of  sites  relatively  difficult  to  observe  by 
conventional  means.  Intense,  small-scale  studies  can  also  be 
conducted  in  oceanic  environments,  another  capability  not 
readily  available  with  civilian  sensing  systems. 
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Two  types  of  fiducial  sites  have  been  defined — calibration  sites 
and  monitoring  sites.  Calibration  sites  are  those  for  which  data 
records  already  exist,  especially  long-term  records  of  in  situ 
data.  Calibration  sites  will  frequently  be  associated  with 
ongoing  research  studies,  thus  offering  the  possibility  of 
prompt  assimilation  and  utility  of  the  NTM  fiducial  data. 
Programs  associated  with  fiducial  calibration  sites  include  the 
National  Science  Foundation's  (NSF)  Long  Term  Ecological 
Research  Site  Program,  the  NOAA  National  Estuarine 
Research  Reserve  System  and  National  Marine  Sanctuaries 
Program,  and  the  U.S.  Geological  Survey's  Water,  Energy,  and 
Biogeochemical  Sites.  Monitoring  sites  are  those  not  having 
long-term  data  records. 

2.  THE  NTM  GLOBAL  FIDUCIAL  DATA  PROGRAM 

The  Global  Fiducial  Data  Program  is  being  pursued  by  the 
intelligence  community,  the  DoD.  and  MEDEA,  to  utilize 
classified,  space-based  sensor  systems  for  the  purpose  of 
creating  a  long-term  archive  of  environmental  information. 
With  congressional  support,  the  program  began  in  FY  1995 
and  is  expected  to  continue. 

The  objective  of  this  program  is  an  archive  of  classified  data 
that  will  grow  both  in  size  and  value  over  time.  As  presently 
envisioned,  this  archive  would  be  maintained  within  host  U.S. 
government  agencies,  with  access  available  to  a  community  of 
cleared  scientists  and  researchers. 


technological  improvements  and  expanding  capabihties.  The 
future  tasking  and  availability  of  classified  systems  will 
necessitate  changes  and  adjustments  in  the  site  populations  (by 
type  and  location)  and  data  acquisition  schedules.  Within  the 
set  of  global  fiducial  sites  is  a  subset  of  ocean  sites  where  a 
variety  of  NTM  data  will  be  collected.  It  is  this  subset  of  ocean 
data  that  we  will  consider. 

3.  SCIENTIFIC  EXPLOTTATION  OF  FIDUCIAL  DATA 

it  is  expected  that  ocean  fiducial  sites  will  involve  both  calibra- 
tion and  monitoring  sites.  Calibration  sites  can  be  expected  to 
be  limited  largely  to  shallow  in-shore  waters  and  beach  areas 
where  long-term  data  records  of  fixed  locations  are  more 
common  and  meaningful.  In  the  open  ocean  it  is  expected  that 
scientific  exploitation  of  NTM  imagery  data  will  require  a 
combination  of  in  situ  observations,  where  the  sites  can  be 
selected  to  correspond  with  planned  cruises,  and  the  use  of 
NAVOCEANO's  historical  archive  of  oceanographic  data. 

Effective  exploitation  of  the  NTM  ocean  fiducial  data  will 
require  simultaneous  use  of  these  data  in  digital  form,  along 
with  a  wide  varietj'  of  correlative  oceanographic  data  that  are 
resident  at  the  Stennis  Space  Center  (SSC),  including  both 
NAVOCEANO  and  the  Naval  Research  Laboratory  (NRL). 
Figure  29  depicts  schematically  the  idea  that  the  NTM  imagery 
will  need  to  be  accompanied  by  oceanographic  data  drawn  from 
a  variety  of  Navy  databases. 


Following  historical  trends,  it  is  possible  that  data  from  certain 
sensor  systems,  as  well  as  the  operational  characteristics  of  the 
sensors  themselves,  may  be  declassified.  This  has  recently 
occurred  with  the  declassification  of  imagery  from  the  earliest 
U.S.  reconnaissance  satellite  program  (CORONA)  covering 
1960-1972.  However,  at  least  initially,  the  Global  Fiducial 
Data  Program  will  deal  with  data  at  the  classified  level  leaving 
such  evolution  to  the  future. 

The  MEDEA  scientific  panels  have  initiated  a  process  for 
nominating  and  selecting  fiducial  sites  to  support  research  in  a 
variety  of  scientific  disciplines.  When  approved  by  the  United 
States  government,  a  designated  set  of  sites  will  then  be 
"locked"  to  a  program  of  long-term  data  acquisition.  The  initial 
set  of  fiducial  sites  and  data  collections  will  evolve  to  reflect 


Archiving  of  the  ocean  fiducial  data  at  the  SSC  will  facilitate 
their  prompt  exploitation  for  ocean  science,  whereas  waiting 
until  the  correlative  data  are  available  at  the  central  fiducial 
archive  site  would  postpone  effective  use  of  the  ocean  fiducial 
data  and  jeopardize  the  very  rationale  for  dieir  collection. 

Determination  of  the  number  of  NTM  frames  per  year  that 
would  be  made  available  to  populate  the  database  is  still 
required.  A  20-year  timeframe  is  envisioned.  NAVOCEANO 
has  developed  analyses  of  specific  ocean  NTM  data  at  its 
Warfighting  Support  Center  (WSC),  where  the  correlative  in 
situ  data  are  available.  These  results  from  the  WSC  should  be 
included  in  the  fiducial  database.  The  WSC  could  make 
provisions  for  a  small  number  of  visiting  ocean  scientists. 
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FicuKE  29.  Fiducial  Data  Collection  and  Cokrelative  Oceanographic  Data 


riiia  schematic  illustration 
shows  the  concept  of 
lolleciion  ofNTM  Global 
nducial  Data  and  the  use 
of  correlative  oceanographic 
data.  For  example,  the 
correlative  data  could  involve 
ocean  thermal  or  salinity 
structure,  bathymetry,  or 
even  model  outputs  involving 
estimates  of  ocean  currents. 
Both  historical  data,  such 
as  that  resident  in  MOODS 
and  "realtime  "  data  such 
as  GOODS,  will  be  useful 
in  this  analysis. 


Many  aspects  of  the  database  architecture  remain  unresolved, 
and  these  could  drastically  affect  cost.  A  prominent  example 
involves  the  need  for  an  offsite/onsite  image  browse  capability, 
possibly  developed  in  phases.  The  first  phase  might  involve 
only  receiving  and  disseminating  NTM  data  via  courier  with  an 
on-line  comiectivity  to  IDBMS  (see  the  next  section )  appearing 
only  in  a  later  phase.  The  WSC  could  evolve  to  the  complete 
capability  not  only  for  data  access  but  also  for  the  analysis  of 
NTM  ocean  data.  This  would  fiirther  extend  NAVOCEANO's 
capability,  building  a  high-resolution,  global  oceanography 
center  of  excellence. 


4.  FINDINGS 

The  findings  relative  to  scientific  exploitation  of  fiducial 
data  are: 

•  Effective  exploitation  of  the  NTM  ocean  fiducial  data  will 
require  simultaneous  use  of  these  data  along  with  a  wide 
variety  of  correlative  oceanographic  data  that  are  currently 
resident  at  NAVOCEANO. 

•  Archiving  of  the  NTM  ocean  fiducial  data  at  the  SSC  will 
facilitate  their  prompt  exploitation  for  ocean  science, 
whereas  waiting  until  the  correlative  data  are  available 
at  the  central  fiducial  archive  site  would  postpone  effective 
use  of  the  ocean  fiducial  data  and  jeopardize  the  very 
rationale  for  their  collection. 
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C  ACCESS  TO  DATA:  INTEGRATED  DATABASE 
MANAGEMENT  SYSTEM 

1.  BACKGROUND 

The  results  of  a  1 00-ship-year  survey  program  of  unprecedented 
scope,  the  reduction  and  analysis  of  these  data,  and  the 
development  of  oceanographic  and  acoustic  modeling  tools 
have  left  NAVOCEANO  with  a  massive  capability  that  can  be 
cumbersome  to  access  and  not  at  all  amenable  to  external  use. 
Recognizing  this  problem,  the  Navy  has  developed  a  special- 
ized software  system  to  allow  users  to  interface  with  an  entire 
suite  of  oceanographic  and  geophysical  capabilities. 


2.   INTEGRATED  DATABASE  MANAGEMENT 
SYSTEM  (IDBMS) 

The  IDBMS  is  a  computer  system  designed  as  an  information 
discovery  tool  for  all  NAVOCEANO  data.  It  has  always  been 
a  NAVOCEANO  goal  to  make  its  oceanographic  information, 
data,  and  tools  more  accessible  to  scientists.  IDBMS  functions 
as  a  collection  system,  repository,  and  distribution  tool  for  a 
variety  of  oceanographic  data  and  products.  Components  of  the 
system  include  distributed  information  systems,  platform 
collection  systems,  primary  oceanographic  prediction  systems, 
and  computer  systems  for  direct  product  distribution.  The 
overall  purpose  of  the  IDBMS  is  to  integrate  all  components 
into  a  functional  system  for  production  and  distribution  oi 
products. 


Figure  30.  IDBMS  Naval  and  Scientific  Appucations 


Ttiis  figure  shows  the  inlegraiion  of  spatial  and  temporal  modeling,  forecast  and  performance  modeling,  and  decision  support  modeling.  IDBMS 
allows  access  to  oceanographic  data  that  can  be  either  measured  or  gridded/provinced.  The  data  are  geO'referenced  A  global  catalog  with  a 
common  user  interface  provides  for  access  and  nuumgement  oftooh.  data,  and  information. 

While  IDBMS  was  originally  intended  b\  the  Navy  lo  generate  operationally  useful  products,  it  could  also  he  used  to  extract  useful  information  foi 
scientific  studies. 
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Figure  30  illustrates  the  IDBMS  concept,  which  shows  the 
integration  of  spatial  and  temporal  modeling,  forecast  and 
performance  modeling,  and  decision  support  modeling.  For  the 
Navy's  operational  use,  these  data  and  modeling  capabilities 
are  used  to  develop  specific  products,  such  as  sonar  system 
performance.  However,  IDBMS  also  could  be  used  to  extract 
data  and  model  results  having  scientific  utility— the  very  data 
that  has  been  the  subject  of  much  of  this  report. 

The  information  and  data  in  IDBMS  are  located  in  a  series  of 
IDBMS  gateways  on  both  a  classified  and  an  unclassified 
network.  Those  gateways  on  the  network  contain  information 
such  as  gravity,  bathymetry,  geomagnetics,  and  acoustic  data, 
as  well  as  oceanographic  projects,  satellite  processing. 


physical  oceanography  data,  and  performance  tools.  Access 
to  the  infonnation  is  made  available  to  users  on  workstations. 

The  user  is  directed  through  the  process  of  DBMS  access 
through  a  main  menu,  with  top-level  functions  made  available 
for  tools  (accessing  tools  directly),  catalogs  (browsing), 
locations  (global  overview  map),  queries  (searching  for  inform- 
ation), and  help. 

Categories  of  measured  IDBMS  data  are  shown  in  Table  10. 
Table  1 1  illustrates  sample  categories  of  gridded/provinced 
IDBMS  data.  Both  types  of  data  can  be  accessed  from  wi  Jiin 
IDBMS;  however,  the  applications,  models,  and  tools  within 
IDBMS  may  use  either  one  type  of  data  or  various  combina- 
tions of  both. 


Table  10.  Measured  IDBMS  Data 


-nm^c^ammx. 
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The  architecture  consists  of  a  variety  of  network  functions  that 
operate  the  overall  control  of  IDBMS  and  the  primary  input 
data  and  data/product  dissemination.  Gateway  functionsprotect 
the  core  data  storage  and  the  client  access.  Central  server 
functions  access  and  manage  data  ingest,  temporary  data  storage 
cataloging,  and  data  backup.  .'Another  type  of  server  controls 
the  off-line  and  archive  storage  of  data,  as  well  as  acting  as  a 
repository  for  application  development  and  model  library 
functions.  The  physical  architecture  of  E)BMS  consists  of  Sun 
Microsystems  SPARC-servers,  on-line  RAID  storage,  a  large- 
scale  computer  server,  and  high-density  magnetic  tape  silo 
storage  all  interconnected  through  information  system  gateways, 
local  and  wide  area  networks. 


,?.  FINDINGS 

The  findings  relative  to  the  integrated  database  m^fflapo^t 
system  (IDBMS)  are: 

•  IDBMS  shculd  be  the  primary  tool  to  allow  externa]  users 
to  interface  with  NAVOCEANO's  ocesacgraphic  and 
geophysioai  capabilitifts. 

•  On-site  accss-sibility  by  the  civilian  coniiauaity,  c!eas*d  as 
necessary,  shouki  be  made  avsii.-.hle  a'^  s->:.>n  is  iDB.MS  i$ 
completed. 

•Upofl  devetopmeot  of  a  su'.table  ciu  . 

operating  system.  IDBMS  should  bt  made  iM.'.Ks»(e  over 
the  liiteniet. 


Tablb  11.  Gridded  I  Provinced  IDBMS  Information 
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D.  BRIDGE  BUILDING  OPPORTUNITIES  IN  OCEAN 
SCIENCE 

1.  DISCUSSION 

The  Naval  Oceanographic  Office  has  developed  inily  unique 
capabilities  for  synthesizing  oceanographic  products  from 
diverse  and  heterogeneous  data  and  displaying  the  results  in 
useful  graphical  forms.  Beyond  the  more  traditional  forms  of 
product  generation  involving  large-scale  ocean  thermal,  salinity, 
and  density  fields,  this  synthesis  now  includes  the  development 
of  small-scale  regional  models  in  selected  ocean  areas  of  naval 
interest  and  the  exploitation  of  imagery,  including  NTM  imagery. 
This  product  synthesis  capability,  if  it  were  open  to  civilian  use, 
would  lead  to  an  expanded  national  benefit.  There  has  been  a 
considerable  previous  investment  of  public  funds  in  these 
capabiUties,  and  scientific  access  would  pave  the  way  for  ocean 
science  to  move  further  into  small-scale  oceanography. 

On  the  other  hand,  there  are  currently  few  effective  mechanisms 
for  the  flow  of  information  to  naval  oceanography  from 
academia.  It  is  our  conviction  that  such  a  flow  of  information, 
involving  modest  "shoe  box"  measurements  or  recent  progress 
in  dynamic  ocean  models  for  example,  would  be  of  considerable 
benefit  to  naval  oceanography  generally  and  to  the  accuracy  of 
Navy  fleet  products. 

The  most  important  opportunities  for  bridge  building,  linking 
the  civihan  and  Navy  oceanography  communities,  are: 

•  Deriving  greatly  enhanced  scientific  benefit  from 
NAVOCEANO's  oceanographic  and  geophysical 
capabilities. 

•  .Archiving  of  the  ocean  fiducial  data  in  such  a  way  as  to 
facilitate  its  effective  use,  and  providing  the  analytical 
capabilities  and  correlative  data  necessary  for  its  scientific 
exploitation. 

•  Developing  cost-effective  mechanisms  for  much  closer 
coupling  between  the  nation's  civilian  and  military 
oceanographic  estabhshments  to  the  benefit  of  both. 


2.  FINDINGS 

The  findicgs  relative  to  bridge  building  opportunities  in'- 
ocean  science  are: 

a.  Exploitation  Center 

An  exploitation  center  should  be  established  at  the  Stennis 
jSpiice  Center.  Ahighdataratelocalareanetworkwouldailow 
access  to  most  classified  and  unclassified  NAVOCEANO 
databases,  models,  and  product  s^iithesis  capabilities  to 
appropriately  cleared  and  United  States  govenunent-sponsored 
civilian  scientists.  iw 

This  centa  would  also  be  the  repository  for  the  NTM  ocean^' 
fiducial  data,  thus  offering  access  to  oceanographic  capabilities 
for  their  intrinsic  value  as  well  as  facilitating  scientific 
exploitation  of  the  NTM  data. 

This  digital  ocean  data  exploitation  center  would  include 
capabilities  to  receive,  store,  and  process  large  volumes  of 
data;  to  decompress,  format,  enhance,  and  geolocate  on 
demand;  and  to  visualize  and  analyze  the  data  on  demand. 

This  center  would  eventtsally  provide  on-line  connectivity  tO'^. 
selected  NAVOCE.ANO  databases  including  those  classified 
up  to  Sensitive  Compartmented  Information  (SCI)  levels. 
Access  to  the  NAVOCEANO  IDBMS  and  coregistration 
with  the  NTM  ocean  fiduriai  data  are  recommended.  The 
georectificadon  of  the  NTM  data  may  not  be  applied  routinely 
because  of  the  large  amount  of  processing  required.  It  prob- 
?&)\y  would  only  be  conducted  as  part  of  a  scientific  analysis 
when  reqaiied.  ; , 

b.  Regional  Coastal  Initiatives  ;■ 
Building  on  interest  in  littoral  ocean  areas,  the  Navy  shotdd 
expand  its  current  eSbits  to  build  regional  ocean  models  to 
include  areas  in  proximity  to  the  United  States,  possibly 
beginning  with  the  Gulf  of  Mexico,  winch  inchides  nearly  all 
littoral  types.  If  these  models,  and  the  fields  used  to  initiaUie 
them,  were  made  available,  there  would  be  considerable 
interest  in  the  ocean  science  community.  This  would  lead  to 
activeuse,  which  wouldintumgeneratefeedback  to  theNavyji 
leading  to  improvements  in  die  models.                         •  ?| 
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c.  IDBMS  Connectivity 

Wide  access  to  IDBMS  should  be  allowed.  The  ©EMS 
capability,  when  completed  later  this  year,  will  represent  a 
unique  asset  with  no  parallel  in  the  civilian  sector.  Remote 
access  to  the  classified  version  of  IDBMS,  with  local 
exploitation  through  iheexploitationcenter  or  via  an  encrypted 
link,  should  be  arranged. 

d.  Network  Accessability 

On-line  connectivity  to  databases  approved  for  public  release 
should  be  provided,  thus  vastly  accelerating  civilian  use  and 
generating  feedback.  It  will  probably  be  necessary  to  make 
provision  for  a  "help  desk"  to  address  user  issues. 

e.  Federal  Ocean  Science  Agencies 

The  entire  oceanography  community  would  greatly  benefit 
from  a  much  stronger  partnership  among  the  United  States 
government  ocean  science  agencies  (0>fR,  NOAA,  NASA, 
DoE  and  NSF).  In  the  past  there  has  been  more  effective 
collaboration  than  at  present,  a  situation  which  is  clearly 
detrimental  to  all,  particularly  in  an  era  of  limited  public 
finiding  for  ocean  science. 

A  significant  step  toward  such  an  improvement  in  joint 
activities  wouki  be  the  implementanm  of  the  recomiaendadons 


of  this  study.  The  civifa'an  ocean  science  agencies  wooM  find 
that  research  efforts  to  exploit  the  Navy '  s  environmental  data 
holdings  would  become  the  focus  of  the  unproved  paituership 
with  the  Navy.  In  turn,  the  Navy  would  find  that  the  feedback 
received  from  close  interactions  with  the  civilian  research 
community  would  lead  to  an  evohitionary  unprovement  in  its 
own  oceanographic  capabilities.  Tlie  exploitation  center,  in 
particular,  would  become  a  major  source  of  collaborative 
energy  in  die  ocean  science  community. 

f.  Visiting  Personnel 

Provision  should  be  made  for  one  or  more  visiting  senior 
scientist  positions  at  NAVOCEANO  and  for  civilian 
participation  in  ocean  surveys  (with  suitable  restrictions 
regarding  Umits  on  release  of  any  information  obtained). 

g.  Overall 

It  is  clear  that  a  better  understanding  of  Navy  capabilities  and 
problems  by  the  non-Navy  research  community  would  lead  to 
solutions  of  many  problems.  Encouraging  researchers  and 
smdencs  to  address  Navy  issues  by  attracting  them  with  access 
to  dsta  will  accelerate  all  toward  solutions  for  Navy  problems. 
Clearly,  a  cadre  of  tesearchet^  would  be  spawned  by  the  draw 
of  accessible,  interesting  data. 
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Acronym 

ASW 

CEAS 
CNO 

CRTF 

DBDB 

DCl 

DIPS 

DGPS 

DMSP 

DoC 

DoD 

DoE 

Dol 

DSDP 

EO 

ERS-1 

ETF 

FNMOC 
FTP 

GDEM 

Geosat 

GIS 

GM 

GOODS 

GPS 

GRASS 

HSL 
IDBMS 
IGRF 
lUSS 

LFBL 

MC&G 
MCSST 
METOC 
MOODS 


Meaning 

Anti-Submarine  Warfare 

Comprehensive  Environmental  Assessment  System 
Chief  of  Naval  Operations 
Classification  Review  Task  Force 

Digital  Bathymetric  Databases 

Director  of  Central  Intelligence 

Digital  Ice  Profiling  System 

Differential  GPS 

Defense  Meteorological  Satellite  Program 

Department  of  Commerce 

Department  of  Defense 

Depanment  of  Energy 

Department  of  the  Interior 

Deep-Sea  Drilling  Project 

Executive  Order 

Satellite  that  was  launched  by  the  European  Space  Agency 

Environmental  Task  Force 

Fleet  Numerical  Meteorology  and  Oceanography  Center  (NAVMETOCCOM) 
File  Transfer  Protocol 

Generalized  Digital  Environmental  Model 

Satellite  that  was  launched  by  the  U.S.  Navy  in  March  1985 

Graphical  Information  Systems 

Geodetic  Mission 

Global  Oceanographic  Observation  Data  Set 

Global  Positioning  System 

Geographic  Resources  Analysis  Support  System;  an  Army  Corps  of  Engineers 

(USACERL)  program  that  is  used  for  geophysical  databases/GIS 

Hydrographic  Survey  Line 
Integrated  Database  Management  System 
International  Geomagnetic  Reference  Field 
Integrated  Undersea  Surveillance  System 

Low  Frequency  Bottom  Loss 

Mapping,  Charting,  and  Geodesy 
Multi  Channel  Sea  Surface  Temperature 
Meteorology  and  Oceanography 
Master  Oceanographic  Observation  Data  Set 
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NASA  National  Aeronautics  and  Space  Administration 

NAVMETOCCOM  Naval  Meteorology  and  Oceanography  Command 

NAVOCEANO  Naval  Oceanographic  Office  (NAVMETOCCOM) 

NGDC  National  Geophysical  Data  Center  (NOAA) 

NIC  National  Ice  Center  (NAVMETOCCOM) 

NOAA  National  Oceanic  and  Atmospheric  Administration 

NODC  National  Oceanographic  Data  Center  (NOAA) 

NRL  Naval  Research  Laboratory 

NSF  National  Science  Foundation 

NSnXJ  National  Snow  and  Ice  Data  Center 

NTM  National  Technical  Means 

ONR  Office  of  Naval  Research 

OSD  Office  of  the  Secretary  of  Defense 

PMEL  Pacific  Marine  Environmental  Laboratory  (NOAA) 

ROV  Remotely  Operated  Vehicle 

rms  root  mean  squared 

SAR  Synthetic  Aperture  Radar 

SASS  Sonar  Array  Survey  System 

SCI  Sensitive  Compartmented  Information 

SeaBeam  Sea  Beam  Instruments,  Inc.,  a  manufacturer  of  survey  sonar  systems 

SeaWiFS  Sea-Viewing  Wide  Field-of-View  Sensor 

SECDEF  Secretary  of  Defense 

SIMRAD  Manufacturer  of  ocean  instruments 

SSC  Stennis  Space  Center 

SWDM  Shallow  Water  Data  Model  (GDEM) 

Topex/Poseidon  Joint  U.  S  /  France  satellite  mission  launched  in  1972 

ULS  Upward-Looking  Sonar 

USGS  U.S.  Geological  Survey 

WMM  World  Magnetic  Model 

WSC  Warfighting  Support  Center 
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Preface 

tutattwL  Sof  J€eti4nt^«Myi«ded<UauitJi»ifmatii»iftaiia>miaMdtii»i*t^^tctionJui4otfMeeui 
otop  pt>i  iJi*  H»*i  isttiOM.   Ifti,  Ue  at4*iawa'i»ikaiaccfiaaf  o^Jui  lon^  twun  wtaUien. 
^Vueait  eon  impvuf*  SiamaJicttUif  ttia  tli»  implam»Htattttn  o^motUU  wiuek  look,  at  Uout  jjtt. 
ooaa*i  and  aintoiipitant  iHJttoct  om  a  itcMuial  iaiU.    It/e  ana  ott  tka  «e4^  o^  (fiuinif,  iUtti  a 
f>ome^^tUiaio^H»uttooli,  aniaaimfUUcoMcafuii. 

An  ituMiimetti  ^j/un  dait>umHti  Uiat  eoaiiai  laixyij  dtti^apmetii  ii,  a  iecio'i-  ja^  ueuiuMe 
oafuial  ox,fia*idtUi^  hU  tJia^  H»id  a  food 'udk  aiitiimmU 'le^a'ului^  JoM^r^ie/wt  fj/utfitoiii.  o^ 
coaiiai  anuinaHmanial  eOHdiiiotii.    IJiatf  iaaii  tU»  expetiiie  ttKutoiia  tJtam  om.  iucA  Hiaei  ai 
natwiaJ  coaiial  Aaga/uli,  and.  aHJU/iapo^ttiicaU^  inJuceit  fjitoeaUei,  UtciuAitUf,  ltd  jidt 
Uaami.    WeiittoutitOiu-to.iaitaMatU^tUti'UMtdi. 

*JJte^S  flatly  dtit'Ufli»l4^■illai1apidd»plo^Jna^Uo^^o'loti,  in  iupftoti  o^  a  fioUof  a^  iitott^ 
p>iuaoitd  fvitiatie*,  4«g<«><<  iMfViacad  MMdatiiatidiHf  o^  ca/Uam.  araaMufuifUuc  fvuicaltei, 
H(\f\Uk  itilti i  JH  ilp^ft'/fr  rttfiiiinl  ttaJfl/tii      inc  Aniilii  laiiiti^ttr  Iff^  nrtiuitinn  t^v  ^tcfA^fhfH  fr'T^fi 
ata  Jiaid  itf.  icienfiiti  in  tUt  acaJemie  and  ittd*tiiJuai  commmtittf.    fJu  AatMf.  Htedi  a  wa^  a^ 
<f»tiu%if  Utait  iciantiiii  <«wA/««y  iMtttUtieitf  <uiiU  tUa  Naoal  oauno^^uift/te'U  ^ot  ietia/ia/ 
matttiti  at  Una  HaiM^  ^ncilitif,    Wa  eon  Ualft  ^aeiliiaia  tfUai  fuvdManiiUp. 

Kmuujm^  liat»  ocaOHJ  can,  axcija  ifOu*i^  fttofde,  aiu^icJtooliaook&iiti  lOaUuti^toH  Siaia 
i/atanmiMei-  tkat  Iifi  iittdatUi.  could  MndaMiand  tHote  aiottj  idanca-  and  U%a  itdanaciion  o^ 
fJvfiici,  cJtomUtnf,  tiola^  attd  ^aolo<ftf  Jm^  ilutdfin^  Ufa  naiu^a  of  lita  aeaa4*i  o^Uiait. 
eoaii,  i>4Uiiu-ii.tuiMviaUoi»to^siiUamaitniaii.aHdluiotiiUdqaiUenaedAioi»aeUtiui 
aatfUe.    Wa  can  Uolp,  km. 

sitaia  ilutAi^fttii^  iitiintiCMj  itufoltwiti  ijunltfti  ollila,  aooHOMtic  mpfg/fin tnan t,  Mniiotifii 
taeuitii^,  and  Aeiatttific  littnactf  of  all  /JmaticatU  ana  laaL  'JJtait  addtaUal  ii  of  cottiidata&U 
ceniaqmnca  to  owi,  tjiiitan.   ^o*,  ntaiMJaitunf  Jita  food  teWwai,  oMu/unf  teotsauuc  oiaiulittf 
of  OM*  iiloMd  Hoiian'i  ^/laajaii  Hatunal  laioutcai,  juiJainUuf.  tUa  miiUa/Uf  JMfationii^  of  tlta 
Ifnitad  Siaiair  ""d  fttotiidiM^  oxcitituf  naut  OftpottuMitiai  la  Italp  acUiaoa  naiiOMal  iciance 
attd matUamaiical aducaiioMal oijteiiiiai,  ana panonuumt  fOoU  fat Uiii, nation.    *UUiiapoti 
cjalifiai  jtia  tola  of  ocaan  icitncai  in  all  of  tkaia  aijactioai.    *}lta  maHaft  ii  iimpia:  itatui 
<jtto in  04tn. nation' t fjgad if.vaiimant in ocaan iciatieai  ji,  inrufafuata    Snkancad 
aKpanditula  in  tlui  JoiaMtifia  ataa  ii  an  impanalitia  to  ^noattk  aeonnmicalUf,  fioUtitxJltf, 
AocifHm  (if%d  {atHtittilnr^imiuf 

Wttatlian.  ftom  Jtia  pa^pactioa  of  natiOHai  iacHtittf  o^  ^tealij^  of  life  one  can  a^ifua  Utaj  tUa 
I^S'  adtiOMcad  nndiiitcH^inf  of  tlia  ocaani  koL  haan  oantfud  to- ouMtatwia  ai  a  utotid 
laadtntivionctUoatmoiioftkiicanttiM^   Ai  luito^tf.  U  out  taackat,  u>a  can  camfattaUtf 
atctnapoiaia  tkat  ianta  poUtion  of  laada/uJufX  in  nntltilanJiMf  tite  ecaani  to  a  foiition  of 
coniinuinf  fioial  laadaniJUp.  in  a  muck  mono  compttitioa  fututa  ao/Jd,  ailonfoitka 
iiianfik  of  tka  inoattmant  ii  maintainad  at  a  maaninfftt/  laaaL 
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Executive  Summary 


Ovir  national  per  capita  investinent  in  basic  ocean  sciences  is  a  minuscule  4c  per  week'. 
Yet  -  using  research  on  El  Nino  as  just  one  example  -  the  American  public  has  seen  more 
than  100:1  return  on  its  investment  in  this  t^'pe  of  marine  lesearch.  The  successes  of  the 
past  are  the  equity  upon  which  future  ocean  science  investments  can  be  built. 

In  1992  the  National  Academy  of  Sciences'  Ocean  Studies  Board  prepared  a  report 
entitled  "Oceanography  in  the  Next  Decade,"  in  which  new  partnerships  were  identified 
as  the  best  mechanism  to  address  a  plethora  of  marine  related  opportunities  and 
problems.  The  report  contained  herein  builds  on  the  work  of  the  Ocean  Studies  Board, 
expanding  the  definition  of  the  ocean  sciences  community  to  include  academic, 
government  and  private  sectors  of  research,  development,  applications,  and  education. 
This  report  is  a  statement  of  the  most  critical  areas  for  development  of  new  partnerships 
in  US  ocean  science;  the  focus  is  on  how  ocean  science  needs  to  be  done,  rather  than  on 
Tjhat  should  be  done. 

The  Cortsortium  for  Oceanographic  Research  and  Education  conducted  this  exercise  at  a 
particularly  opportvme  time.  Basic  research  is  facing  a  requirement  of  increased 
accountability  to  society.  The  ocean  science  community,  recognizing  a  need  to  meet  this 
requirement  directly,  chose  to  take  a  proactive  approach  by  redefining  its  efforts  in  a 
context  of  even  greater  relevance.  In  the  past,  ocean  research  applied  mostly  to  national 
defense  and  a  sn\all  class  of  comniercial  operations.  Through  the  partnership  initiative 
described  in  this  report,  the  ocean  sciences  community  has  clarified  the  role  their 
research  will  play  in  addressing  an  even  broader  set  of  societal  issues  and  needs. 

The  ocean  sciences  community  constructed  this  report  with  the  support  of  several 
Federal  agencies,  and  with  the  oversight  of  a  Coordinating  Group,  including 
representatives  of  academia,  government  and  industry.  A  Steering  Committee,  londer 
charge  of  the  Coordinating  Group,  identified  the  general  societally-relevant  themes  of 
focus  for  this  Interagency  Partnership  Initiative:  Quality  Of  Life,  Economic 
Development,  National  Security,  and  Education/Communication.  Working  Groups  (in 
which  more  than  100  individuals  participated)  defined  past  partnerships  and  future 
opportiinities  for  partnerships,  within  these  thematic  areas  and  consistent  with  the 
principles  of  partnership  delineated  in  the  recent  report  of  the  State-Federal  Technology 
Partnership  Task  Force  (1995). 
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The  following  are  specific  recommendations  for  three  audiences:  the  researchers  and 

educators,  the  executive  agencies  of  government,  and  the  US  Congress. 

Recommendations  for  researchers  and  educators 

The  reports  from  each  of  the  working  groups  described  a  spectrum  of  specific 
opportunities  for  new  partnerships,  which  all  fell  into  three  cynosural  categories: 
data,  resources,  and  education.  Opportimities  for  new  partnerships  in  ocean  research 
and  education  are  illustrated  with  selected  specific  examples  as  follows: 

-  Data 

Declassification  -  access  to  classified  holdings 

Quality  Control  -  establishment  of,  and  adherence  to  standards 

Long-Term  Observations  -  global  ocean  observing  systems 

Resources 

People  -  career  development  guidance  and  initiatives,  personnel  exchange  programs 
Platforms  -  construction  of  multipurpose  oceanographic  research  facilities 
Computing  -  centralized  facilities  coupled  to  data  collection  programs 
Labs /Infrastructure  -  laboratory  networks ,  sensor  development  consortia 

-  Education 

Formal  Education  -  pre-coUege  teacher  materials/curriculum  development 
Informal  Education  -  marine  information  networks 

Recommendations  for  executive  agencies  of  the  government 

The  management  plan  contains  the  recommendations  for  government 
involvement.  This  report  outlines  the  need  for  a  management  structure  that  sets  up  a 
highly  visible  National  Ocean  Leadership  Council,  consisting  of  the  top  officials 
responsible  for  oceanographic  operations  and  research  (Figure  A).  The  Council  would 
have  a  responsibility  for  coordinating  and  reporting  to  the  Administration  and  the  US 
Congress,  the  broad  policy  aspects  of  research  efforts  in  ocean  science  currently  being 
conducted  and  planned  in  the  US.  The  concept  of  this  Council  is  closely  aligned  with  the 
thinking  of  the  National  Academy  of  Science  in  its  recent  report  on  ".^locating  Federal 
Funds  for  Science  and  Technology."  A  Coordinating  Group  and  Project  Office,  assigned 
to  the  National  Ocean  Leadership  Council,  will  serve  as  the  operational  components 
within  this  management  bluepriiit. 
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Recommendations  for  US  Congress 

Finally,  the  report  includes  two  specific  recommendations  involving  the  US 
Congress.  These  recommendations  will  identify  mechanisms  for  Congressional 
facilitation  and  oversight  of  the  management  and  conduct  of  the  partnership 
initiatives.  The  report  recommends  legislation,  specifically  a  National  Ocean 
Partnership  Act,  including  ftmding  for  putting  the  new  partnerships  in  place. 
Additionally,  the  report  identifies  a  congressional  task  force  on  ocean  sciences  as 
the  locus  for  debate,  comrnvmication  and  education  of  US  legislators  on  marine 
issues. 


Ocean  science  is  an  ideal  forum  for  demonstrating  the  power  of  basic  research  to 
address  the  needs  of  society.  The  commimity  of  ocean  researchers  and  educators  is 
poised  to  begin  a  new  era  of  partnerships  in  marme  science.  When  fully  implemented, 
the  recommendations  of  this  Interagency  Partnership  Initiative  will  propel  the  ocean 
science  commimity  forward,  as  was  done  a  quarter  century  ago  under  the  aegis  of  tlie 
Stratton  Commission.  Tbie  return  on  investment  by  society  will  be  realized  both 
immediately  and  well  into  the  next  millermium. 

Ttetional  Ocean  Leadership  Council 

•  Chief  of  Nava!  Operations  -  Co-chair 

'  Administrator,  NCAA  -  Co-chair 
'  Director,  NSF 

•  Adminstrator,  NASA 

•  Deputy  Secretary  of  energy 

•  DirectO',  USGS 

•  Administrator,  EPA 

•  Directc,  ARPA 

•  Director,  MMS 

•  Commandant,  USCG 

Ex  Officio  Members 

>  Presidents,  NAS,  NAEandloM 

>  Representative  from  OSTP  and  OMB 

>  Industrial  Representatives 

>  Other  Non-Federal  Representatives 


Project 
Office 


> 


CoofdinalinQ  Grou 

Off      NSF       NOAA    NASA    B»A 

USGS     1*6      AflPA    Doe 

Oceanographer  ot  Navy  Army  Corps  ot  Engineers 

OA        US03 

Academic  Representatives       industry  Representative 

Other  non-federal  representatives 


Figure  A 

Conceptual  framework  for  National  Ocean  Leadership 

Council  and  supporting  components 
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Introduction 


The  United  States  is  an  island  nation  whose  history  and  future  have  depended  upon 
and  will  continue  to  depend  upon  our  leadership  in  understanding  the  factors 
controlling  our  envirortment.  The  environment  is  where  we  live,  where  we  get  our 
resources  to  live,  and  where  we  earn  our  keep.  Our  environment  is  controlled  by  the 
world's  oceans.  The  oceanographic  community  owns  skills  which  help  define  our 
nation's  continued  role  as  an  international  leader  in  the  science  of  the  oceans. 

The  majority  of  our  coiantry's  states,  60%,  have  coastlines  on  the  ocean  or  Great  Lakes. 
Half  of  our  population  lives  within  the  coastal  zone.  One  out  of  every  6  jobs  in  the 
United  States  is  marine-related.  Yet  less  than  4%  of  the  Federal  basic  research  budget  is 
spent  on  ocean  sciences. 

While  the  ocean  sciences  community  is  small  (less  than  2,500  Ph.D.  level 
oceanographers  are  employed  in  US  academia,  government  and  the  private  sector  ; 
NSF,  1991),  the  cadre  of  professionals  in  the  field  represents  a  wide  spectrum  of  skills, 
from  molecular  biology  to  fluid  dynamics  to  cybernetics  to  organic  chemistry.  The 
strength  of  this  community  has  been  based  on  two  factors:  its  recognition  of  national 
research  imperatives,  and  its  capability  to  work  cooperatively  on  scientific  problems.  In 
the  chapters  that  follow  there  are  examples  of  the  well-coordinated  efforts  to  transcend 
disciplinary  and  institutional  boundaries. 

The  fact  is,  however,  that  the  Uruted  States  faces  a  new  set  of  challenges  in  the  next 
decade.  These  challenges  demand  all  of  the  resources  and  capabilities  of  the  ocean 
sciences  community  ...  and  then  some!  In  the  sectors  of  economic  development,  quality 
of  Ufe,  national  security  and  education  the  demands  on  society  are  being  heard.  Driving 
these  demands  are  changes  in  global  geopolitics,  military  requirements,  technological 
capabilities,  economic  competition,  international  demographics  and  resource  utilization. 
Recognizing  the  need  to  define  general  goals  and  in  response  to  calls  from  the  Ocean 
Studies  Board  of  the  National  Academy  of  Sciences,  the  oceanographic  community  is 
drawing  up  the  plans  for  addressing  the  new  challenges.  This  document  serves  as  a 
statement  of  the  opportunities  for  partnerships  in  the  future  of  oceanography  in  the 
next  decade.  With  this  statement,  the  community  of  ocean  scientists  is  now  poised  to 
work  toward  meeting  an  even  larger  set  of  societal  needs. 


692 


Background 

In  the  19th  century,  oceanography  was  placed  in  a  position  of  high  visibility  by  a  Naval 
officer  named  Matthew  Fontaine  Maury.  Maury,  in  service  as  the  first  Director  of  the 
Depot  of  Naval  Charts  and  Irxstruments,  recognized  the  value  of  standardizing  the 
measurement  of  oceanographic  properties,  especially  winds,  currents  and  water  depth. 
Maury  knew  that  such  measurements,  while  of  obvious  value  to  the  Navy,  were  clearly 
useful  to  a  diverse  range  of  applications,  including  shipping,  fishing  and  transportation. 

Similarly,  the  bold  model  of  public  support  for  basic  research  developed  by  Vannevar 
Bush,  subsequent  to  the  end  of  World  War  n,  ultimately  demonstrated  the  rich  return  on 
federal  investment  of  dollars  in  science  and  technology.  This  vision  was  the  foundation 
for  the  highly  efficient  modem  tools  of  public  support  for  academic  research  programs, 
such  as  the  Office  of  Naval  Research  and  the  National  Science  Foundation. 

The  Stratton  Commission  in  1969  extended  many  of  these  same  concepts  into  defining  a 
national  imperative  for  supporting  research  and  development  in  the  marine 
environment.  The  outcome  of  that  exercise  was  the  establishment  in  1970  of  a  highly 
visible  National  Oceanic  and  Atmospheric  Administiation  (NOAA).  The  foresight  of 
this  visionary  effort  has  been  strengthened  by  the  research  over  the  last  two  decades.  We 
now  know  that  a  focused  research  program  including  the  interactive  elements  of  oceanic 
and  atmospheric  dynamics  is  critical  to  addressing  a  wide  range  of  society's  needs. 

Clearly,  the  main  need  addressed  v/ith  the  Federal  investment  in  oceanography  since 
World  War  II  has  been  in  the  area  of  national  defense.  Basic  research  into  the 
fundamental  physical,  chemical,  biological  and  geological  properties  of  the  sea  was 
successfully  exploited  during  the  Cold  War.  Our  nation  became  a  leader  in  the 
development  of  operational  systems  which  could  detect  Soviet  submarines,  while 
conducting  our  own  missions  in  a  marmer  of  lowest  detectability.  Such  successes  would 
have  been  impossible  (and  the  consequences  unimaginable)  without  the  investments 
made  possible  by  the  visions  of  Bush  and  the  Stratton  Commission. 

In  the  post- Vannevar  Bush  era  of  the  late  1960s  through  the  mid  1980s  the  Federal 
investment  in  basic  research  in  the  ocean  sciences  amounted  to  7%  of  the  Federal  basic 
research  budget.  It  was  during  this  time  that  we  developed  the  "tool  kit"  of  skills  that 
now  allow  us  to: 

•  Predict  El  Nino  and  its  devastating  effects  on  regional  cUmates  and  fisheries, 

-  through  understanding  the  'coupling',  or  connectivity  between  the  ocean  and 
atmosphere  in  terms  of  heat  transfer,  winds  and  currents 

•  Maintain  superiority  in  undersea  surveillance  and  antisubmarine  warfare, 

-  by  virtue  of  knowledge  gained  from  experiments  in  sound  transmission  through  the 
ocean,  allowing  detection  at  longer  distances,  and  lower  sound  levels 
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•  Provide  the  fundamental  concepts  related  to  the  beginning  of  life  forms  on  earth, 

-  via  the  use  of  manned  and  unmanned  submersibles  to  study  undersea  volcanoes  and 
their  concomitant  life  forms 

•  Save  hundreds  of  thousands  of  lives  through  forecasts  of  coastal  hazards 
(including  tsunamis  and  hurricanes), 

-  made  possible  through  the  exploitation  of  high  performance  computing,  allowing 
implementation  of  increasingly  sophisticated,  and  accurate,  models  for  forecasting 
coastal  dynamics 

•  Establish  a  whole  industry  based  upon  commercially  viable  fish  farms  and 
aquaculture  facilities, 

-  through  improvements  in  understanding  of  the  physiology  and  ecology  of  important 
species,  such  as  salmon  and  mussels 

•  Locate  and  build  oil  platforms  to  maximize  production  and  to  survive  the 
extremes  of  the  ocean  environment. 

-  as  a  consequence  of  new  concepts  in  anti-fouling,  ocean  engineering,  and  seafloor 
mapping/characterization 

But  where  do  we  go  from  here?  The  7%  investment  of  the  past  gave  us  outstanding 
products.  Clearly  a  stronger  investment  is  needed  for  the  broader  set  of  challenges 
before  us  in  the  next  millenniuni. 

In  1992  the  Ocean  Studies  Board  of  the  National  Research  Council  (NRC),  recognizing 
the  need  to  revisit  the  status,  roles  and  plans  of  the  oceanographic  commvmity,  convened 
several  meetings  and  prepared  their  assessment.  Their  report,  entitled  "Oceanography 
in  the  Next  Decade:  Building  New  Partnerships",  has  been  a  watershed  event  in  the 
direction  of  this  community.  The  objectives  of  the  study  were  to  "document  and  discuss 
important  trends  in  the  human,  physical  and  fiscal  resources  available  to  ocean- 
ographers,  ...to  present  the  best  assessment  of  scientific  opportunities  during  the  coming 
decade,  ...and  to  provide  a  blueprint  for  more  productive  partnerships"  (NRC,  1992). 

The  report  of  the  National  Research  CouncU  is  particularly  timely  in  that  it  deals  with 
the  redefinition  of  the  oceanograpMc  community  in  the  context  of  society's  changing 
needs.  In  opening  remarks  launching  the  National  Research  Council's  report  its 
Chairman,  Dr.  Frank  Press,  cited  the  marked  changes  taking  place  in  this  post-cold  war 
period  which  seem  to  cry  for  new  approaches  to  partnerships  in  the  oceanographic 
scientific  community.  In  fact,  as  he  pointed  out,  "concerns  about  the  ocean  as  a  medium 
for  warfare  as  a  threat  to  national  security  are  decreasing  while  environmental  problems 
of  the  coastal  zone  and  understanding  how  the  ocean  contiols  climate  are  of  increasing 
importance."  Further,  he  states  that  while  "major  advances  in  understanding  the  ocean 
in  the  development  of  technologies  for  observing  it  have  set  the  stage  for  much  greater 
research  achievements,"  this  comes  at  a  time  when  "resources  necessary  to  obtain  this 
understanding  are  increasingly  scarce."  Hence,  the  Ocean  Studies  Board  thought  it 
important  to  undertake  the  study  of  where  marine  science  foimd  itself  today  and  where 
it  needed  to  head  tomorrow. 
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The  NRC  report  established  a  broad  "framework  in  which  improved  partnerships  ...  can 
sustain  the  advances  of  the  past,  and  lead  our  country  and  the  world  to  greater 
understanding  of  the  many  roles  the  oceans  play  in  human  life." 

Appropriately,  the  definition  of  a  "partnership"  in  the  current  context  is  consistent  with 
-  but  expanded  upon,  to  include  private  sector  interests  -  the  definition  provided  by  the 
NRC  report: 

"As  the  context  in  which  oceanography  is  conducted  changes,  how  can  federal  agencies,  private 
industry,  local  jurisdictions,  and  oceanographers  in  academic  institutions,  government  and  the 
private  sector'^  strengthen  and  improve  their  cooperative  efforts?  In  general,  partnerships  must 
be  extended  beyond  financial  relationships  to  include  the  sharing  of  intellect,  experience,  data, 
instrument  development,  facilities  and  labor." 

The  proactive  nature  of  such  a  proposed  campaign  is  founded  upon  the  recognition  of 
certain  trends  and  'drivers'  which  point  oceanographic  researchers  toward  new  areas  of 
applicability.  Some  excimples  include: 

Global  environmental  concerns 

The  Law  of  the  Sea,  the  debates  concerning  sustainable  development,  as  well  as 
renewed  interest  in  'open  ocean'  resources  (living  and  non-living),  have  put  an 
emphasis  on  the  careful  use  and  understanding  of  the  environment,  including  the 
'Global  Confvmor\s'  (i.e.  those  ocean  areas  outside  of  the  Exclusive  Economic  Zones 
of  coastal  nations). 

Explosions  in  technology  and  communications 

The  ability  to  place  highly  sensitive  instnmients  deep  in  the  ocean,  or  far  into  space, 
with  long-term  monitoring  potential  has  only  recently  become  a  reality.  Similarly, 
high-speed,  wide  bandwidth  data  transmission  now  allows  information  and  docu- 
mentation to  be  sent  to  and  from  the  most  remote  sites  on  Earth,  with  relative  ease. 

Restructuring  of  national  security 

Our  nation's  security  demands  diligent  consideration  to  a  diverse  set  of  threats. 
Vulnerability  includes  our  economic  infrastructure  and  the  communications 
networks  upon  which  our  society  depends  so  critically. 

National  educational  reform 

A  recognition  of  the  need  for  systemic  reform  in  our  educational  systems,  from 
kindergarten  through  graduate  school  has  developed  rapidly  since  1990.  All  levels 
are  being  rethought,  with  respect  to  curriculum  reform,  teacher  enhancement,  career 
guidance,  integrated,  constructivist  and  cooperative  learning,  as  well  as  use  of 
educational  materials. 


Underlined  sections  added  here  are  not  peirt  of  the  NRC  Report. 
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It  is  in  the  foregoing  context  that,  with  multi-agency  support,  the  ocean  science  and 
technology  community,  (represented  by  certain  Federal  agencies,  academia,  and 
industry),  were  brought  together  to  establish  a  new  and  reinvigorated  partnership 
concept.  The  idea  was  to  lay  the  groundwork  for  carrying  out  the  many  challenges 
outlined  within  the  framework  of  the  NRC  report  where  integration  of  more  than  one  of 
these  participating  communities  can  add  value  to  all  cormected  partners  and  increase 
mission  effectiveness  and  efficiency. 

First,  a  Coordinating  Group  convened  on  July  27, 1994,  in  Washington,  DC  to  provide 
some  broad  guidelines  for  a  new  partnership  developmental  effort.  This  Group 
cor\sisted  of  eight  federal  agencies,  two  representatives  of  the  academic  iristitutions,  and 
one  marine  industry  advisor  (See  Appendix  I  for  details).  The  Group  concluded  that 
before  moving  forward  to  establish  the  necessary  scientific  Steering  Committee  and 
workshops,  the  issues  needed  to  be  placed  within  a  context  enveloping  traditional 
concerns  of  national  security  as  well  as  the  many  rapidly  emerging  important  social  and 
environmental  concerns  such  as  environmental  quality  and  economic  competitiveness. 
These  concerns  are  rapidly  being  accepted  as  harboring  as  much  of  a  threat  to  our 
national  interests  in  the  foreseeable  future  as  the  threats  of  war. 

The  Coordinating  Group  believed  that  the  subsequent  outcome  from  both  the  Steering 
Committee  and  their  follow-on  working  groups  should  show  relevance  to  both 
changing  national  defense  and  sustainable  national  growth  strategies  in  this  post  cold- 
war  period. 

To  meet  these  objectives,  the  Coordinating  Group  set  guidelines  for  Steering  Committee 
make  up  and  eventual  report  outcomes  from  the  working  groups. 

The  guidelines  set  for  the  Steering  Committee  were  as  follows: 

A.  To  lay  the  baseline  for  working  groups  in  the  context  of  the  general  themes 
contained  in  the  NRC  report. 

B.  To  develop  an  implementation  plan  including:  (1)  a  prioritized  list  of  themes  and 
specific  topics  for  consideration  by  the  working  groups  deemed  to  be  central  to 
the  development  of  an  integrated  ocean  science  and  technology  strategy;  (2)  an 
identification  of  team  leaders  and  active  participants  for  chairing  and 
documenting  activities  of  the  workmg  groups;  and  (3)  a  general  format  to  be 
followed  for  reports  of  each  working  group. 

C.  To  produce  a  comprehensive  document,  serving  as  the  cormective  fabric  for  aU  of 
the  working  group  reports,  which  would  be  used  by  a  range  of  audiences 
associated  with  development  and  implementation  of  policy  in  ocean  science  and 
technology. 
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The  Partnership  Steering  Committee  then  met  for  two  days,  October  27-28, 1994  to 
develop  specific  guidance  for  working  groups  in  the  development  of  an  integrated 
implementation  plan  for  ocean  science  and  technology  wherein  partnerships  could  play 
an  effective  role.  This  Committee  consisted  of  27  members:  eleven  representing  Federal 
agencies,  eleven  representing  academia,  four  from  the  marine  industry,  and  the 
President  of  CORE  (see  Appendix  n  for  membership  details). 

The  Steering  Committee  believed  that  a  broad  thematic  approach  should  be  taken, 
invoking  themes  of  a  nature  highly  relevant  to  society's  needs.  Four  themes  associated 
with  our  national  interests,  and,  hence,  four  working  groups  were  suggested.  These  are 
listed  below  and  broadly  defined  as  indicated. 

1.  National  Security  -  Ensuring  that  national  interests  are  guaranteed  at  home 
and  abroad  and  that  basic  and  applied  ocean  science  remains  an  essential 
element  of  this  assurance.  This  category  is  meant  to  include  issues  associated 
with  preservation  of  our  national  interests,  via  military  defense,  and  foreign 
policy  support. 

2.  Economic  Development  -  Use  of  the  basic  and  applied  knowledge  of  the 
ocean  and  its  resources  for  economic  gain,  including  attention  to  marine 
resources,  transportation,  recreation,  development,  and  related  industries. 

3.  Quality  of  Life  -  Health  and  social  well-being  of  people  as  derived  from  using 
basic  and  applied  knowledge  of  the  ocean.  Subject  material  includes  the 
topics  of  preservation/improvement/  stewardship  of  the  environment 
(pollution  prevention,  cleanup  and  remediation),  shoreline  protection,  coastal 
hazard  mitigation  and  recreation. 

4.  Communication  /  Education  -  Conveying  an  understanding  of  the  importance 
of  oceans  to  national  decision  making,  to  the  public  at  large,  and  to  decision 
makers  and  educators  at  every  level  using  basic  and  applied  knowledge  of 
the  oceans,  to  include  the  exploitation  of  state  of  the  art  electronic  networking 
and  computer  based  simulations/  demonstrations. 

During  the  sunvmer  of  1995  four  working  groups  were  convened.  Approximately  100 
professionals  from  academia,  government  and  the  private  sector  met  to  discuss  the  role 
of  ocean  sciences  in  these  respective  areas  (See  Appendix  HI  for  membership  details). 
The  groups  worked  toward  several  very  specific  objectives: 

•  Identify  the  driving  forces  behind  the  new  challenges  to  ocean  sciences  in  each 
thematic  area. 

•  Define  those  partnerships  which  have  been  undertaken  in  ocean  sciences  in  the 
past  in  each  thematic  area. 

•  Identify  future  opportunities  in  ocean  sciences  relevant  to  the  thematic  area,  and 
specify  those  best  suited  to  a  partnership  approach. 

•  Indicate  the  characteristics  unique  to  a  partnership  in  this  particular  thematic 
area  in  ocean  sciences. 
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Past  Partnerships  -  Principles  and 
Oceanographic  Experience 


WHY  PARTNERSHIPS: 

Partnerships  are  a  valuable  tool  for  exploiting  distributed  capabilities  and  resources.  In 
essence,  the  set  of  issues  which  the  oceanographic  community  is  bracing  to  address  are 
enormous  by  any  dimension:  the  volume  of  data,  the  geographic  breadth  of  impact,  the 
range  of  disciplines,  the  variety  of  assets,  and  the  physical  challenges.  A  characteristic 
issue  faced  by  this  small  but  diverse  community  of  scientists  is  that  the  expertise  is 
distributed  throughout  the  nation.  The  breadth  of  skills  required  in  oceanography, 
coupled  with  the  relatively  small  number  of  skilled  practitioners  translates  to  a  thin,  but 
wide  distribution  of  capabilities.  The  situation  might  be  compared  to  having  a  different 
medical  specialist  located  at  each  hospital  throughout  the  covmtry:  all  of  the  necessarv^ 
skills  are  at  hand,  but  they  are  widely  distributed.  This  condition  is  dramatically 
compounded  by  the  high  level  of  sophistication  and  multiple,  costly  platforms  needed 
to  make  measurements  or  predictions  in  the  ocean  envirormient.  Many  of  the  major 
resources  (people,  equipment,  platforms)  are  one-of-a-kind,  resulting  in  a  de  facto 
establishment  of  many  centers  of  excellence  for  the  field.  By  fostering  the  development 
of  new  partnerships  we  can  overcome  many  of  these  apparent  obstacles.  Through 
sharing  of  resources,  data,  and  knowledge  the  ocean  sciences  community  will  provide 
an  impressive  machine  for  working  towards  solutions. 

The  partnership-based  solutions  provided  by  the  working  groups  are  not  aimed  at 
redefining  national  priorities  for  research  in  the  marine  environment.  The  ejuestion  is 
not  'What  should  be  done',  hut,  rather,  'How  should  it  be  done'.  These  concepts  were 
developed  with  the  goal  of  optimizing  the  performance  of  the  oceanographic 
community,  with  the  payoff  being  the  enhancement  of  the  US  national  interests.  It  is 
also  noteworthy  that  the  emphasis  is  not  on  the  concept  of  partnerships,  since  such  a 
concept  is  hardly  new.  Instead,  the  emphasis  is  on  which  NEW  partnerships  are  needed 
and  how  they  can  best  be  constructed. 

In  a  related  effort  of  the  State-Federal  Technology  Partnership  Task  Force  (chaired  by 
Govs.  Richard  Celeste  and  Dick  Thomburgh  in  collaboration  with  the  Carnegie 
Commission  on  Science,  Technology  and  Government,  the  National  Governor's 
Association,  The  American  Society  of  Mechanical  Engineers,  The  White  House  Office  of 
Science  and  Technology  Policy,  and  the  National  Conference  of  State  Legislatures)  a 
very  thoughtful  definition  of  the  principles  of  successful  partnerships  has  been 
provided.  These  principles  (which  are  categorized  as  "Overarching  Principles"  and 
"Operational  Principles")  are  cited  here;  clearly  the  oceanographic  community  has  a 
rich  heritage  of  partnering  which  adheres  to  these  fundamental  concepts. 
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OVERARCHING  PRINCIPLES  OF  PARTNERSHIPS 

(from  The  State-Federal  Technology  Partnerships  Task  Force  Final  Report,  1995J 

Shared  Ownership  -  "The  success  of  a ...  partnership  depends  largely  on  each  participant's  long- 
term  commitment  to,  and  sense  of  ownership  in,  the  objectives  of  the  venture,  and  an  acceptance 
by  each  of  the  shared  responsibility  necessary  for  achieving  mutually  acceptable  outcomes" 

The  Eddy  Joint  Industry  Project  (EJIP)  (Appendix  IV.A.)  was  an  example  of  this  concept 
of  shared  ownership.  In  this  case  the  federal  government  and  oil  industries  saw  the 
benefit  of  sharing  facilities  and  contributing  their  assets  to  a  set  of  objectives  meeting 
each  party's  mission.  Notably,  each  of  the  participants  had  their  own  specific  set  of 
objectives.  The  merit  of  the  partnership  lay  in  the  sharing  of  assets  and  the  mutually 
acceptable  approaches. 

Broad  Participation  I  Diversity  of  Interests  -  "A  partnership  is  enriched,  and  the  likelihood 
of  success  improved,  by  broad  representation  of  the  interested  parties  in  its  design  and 
implementation. " 

Many  examples  of  this  kind  of  partnership  exist  within  the  oceanographic  commuruty. 
Two  vastly  different  case  studies  are  the  MEDEA  project  (Appendix  IV.B.)  and  the  World 
of  Water  Program  (Appendix  FV.C.).  In  the  first  case,  which  was  a  partnership  of  fixed 
and  limited  duration,  the  participation  included  a  broad  base  of  academic  researchers, 
industry  representatives  and  members  of  the  research  and  operational  components  of 
the  US  Navy.  In  fact,  one  could  argue  that  the  impetus  for  this  activity  was  in  the 
breadth  of  potential  interests.  The  World  of  Water  Program  included  a  diversity  of 
interests  as  represented  by  the  participation  of  state  government,  non-profit 
organizations,  academia  and  the  private  sector. 

Champions  I  Advocates  -  "A  successful ...  partnership  requires  the  demonstrated  persorml 
commitment  of  senior ...  leaders" 

Some  of  the  most  successful  partnerships  in  oceanographic  education  have  been  those 
directly  involving  some  highly  visible  individuals.  One  case  in  point  is  the  JASON 
Project  (Appendix  IV.D.).  In  this  case,  one  scientist  of  celebrity  status,  E)r.  Robert  Ballard, 
has  been  a  persistent  motivating  force  in  the  evolution  of  this  program.  The  result  has 
been  a  dramatically  increased  awareness  of  marine  issues  by  a  huge  audience  of 
students.  His  partnering  with  prominent  industrial  champions  has  been  an  element  of 
the  success  of  this  partnership. 

By  the  same  token  a  classic  example  of  a  partnership  which  did  not  succeed  due  to  a  lack 
of  demonstrated  commitment  of  senior  leaders  was  the  Institute  of  Naval  Oceanography 
(Appendix  FV.E.).  In  this  case,  other  principles  for  partnering  were  upheld  (e.g.  shared 
ownership)  but  the  apparent  lack  of  champions  served  as  a  fatal  flaw. 
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OPERATIONAL  PRINCIPLES  OF  PARTNERSHIPS  (ibid.) 

Partnership  Formalization  -  "  To  avoid  misunderstanding  and  to  protect  the  interests  of  all 
participants,  partners  should  define  each  partnership  formally,  in  writing." 

An  outstanding  and  enduring  example  of  this  principle  of  formalism  is  the  National  Ice 
Center  (NIC)  (Appendix  IV.F.).  In  this  case.  Federal  agencies  exclusively,  have 
established  the  philosophy  and  process  for  managing  a  critical  marine  operation.  From 
the  beginning,  the  formal  establishment  and  documentation  of  NIC  was  recognized  by 
all  parties  as  critical  to  its  survival  and  success.  ; 

Merit-Based  Decisions  -  "Creating  new  models  of...  partnerships  capable  of  responding 
effectively  to  a  changing  science  and  technology  environment  requires  that  resources  be  allocated 
on  the  basis  of  which  partner  or  interested  party  can  best  perform  the  task  at  hand..  Scarce 
resources  must  be  applied  where  they  are  most  likely  to  produce  the  greatest  return  on  public 
investments  and  the  broadest-based  benefits." 

The  example  of  state-Federal-academic  partnership  embodied  by  the  Sea  Grant  College 
Program  (Appendix  IV.G.)  demonstrates  the  effectiveness  of  technical  review  and  merit- 
based  decisions.  The  definition  of  "merit",  which  is  contentious,  must  be  clear  from  the 
start.  In  the  case  of  Sea  Grant,  merit  is  determined  on  the  basis  of  technical  quality  of 
proposed  research,  as  well  as  relevance  to  the  palette  of  NOAA  missions. 

Flexibility  -  "Flexibility,  within  general  guidelines  to  ensure  accountability  is  needed  to  foster 
experimentation  and  innovation. " 

Oceanography,  by  virtue  of  being  a  relatively  new  and  young  field,  must  be 
characterized  by  flexible  approaches.  In  terms  of  oceanographic  partnerships  this 
flexibility  to  continuously  fold  in  new  partners  is  demor\strated  very  effectively  in  a 
new  partnership  of  academia  and  industry  (sponsored  by  the  Federal  government)  in 
the  Ocean  Technology  Center  at  the  University  of  Rhode  Island  (Appendix  IV.H.).  The 
concept  of  flexibility  as  a  principle  of  partnerships  is  especially  important  for  ocean 
sciences  now,  when  the  community  is  starting  to  adapt  its  research  to  a  new  range  of 
applications. 

Cost-Sharing  -  "Partnerships  are  more  effective  when  each  individual  partner  has  a  financial 
investment^  in  the  conduct  and  outcome  of  the  program." 

Within  the  educational  arena  of  oceanography  there  has  long  been  recognition  that  the 
missioris  of  many  agencies  can  be  supported  with  educational  campaigns.  Nonetheless 
there  are  only  a  few  examples  of  educational  partnerships  in  which  there  is  substantive 
cost-sharing.  One  highly  successful  example  of  cost-sharing  by  multiple  government 
agencies  is  the  program  entitled  "Operation  Pathfinder"  (Appendix  IV.I.).  Interestingly, 
this  particular  partnership,  in  which  NOAA,  the  US  Navy  and  the  Department  of  the 
Interior  share  all  costs,  is  also  a  good  example  of  the  principle  of  diversity  of  interests. 


Investment  is  assumed  to  include  in-kind  costs,  sucJi  as  waived  overhead  costs  or  contribution  of  labor. 
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Evaluation  -  "At  the  beginning  of  a  project,  partners  must  agree  on  the  partnership's  goals  and 
objective,  operational  elements,  and  the  methodology  for  measuring  both  progress  and 
outcomes." 

There  are  large  expenses  and  intricate  scheduling  difficvdties  associated  with 
management  of  the  oceanographic  research  fleet,  which  is  mostly  owned  by  the  Federal 
government  aiid  operated  by  the  academic  research  community.  Consequently,  the 
management  partnership  which  has  been  established  is  predicated  on  clearly  stated 
goals  and  objectives.  This  partnership,  the  University  National  Oceanographic 
Laboratory  System  (UNOLS,  Appendix  IV.J.),  has  worked  quite  efficiently  for  many 
years.  The  additional  value  of  the  UNOLS  partnership  is  that  its  philosophy,  structure 
and  process  are  well-enough  established  (in  terms  of  evaluation  mechanisms)  that  it  is 
easily  adaptable,  thus  adhering  to  the  operational  principle  of  "flexibility"  to  the 
growing  suite  of  research  platforms  (e.g.  aircraft  and  buoys). 

The  requirement  for  having  a  "methodology  for  measuring  both  progress  and 
outcomes"  is  one  which  is  central  to  the  recommendation  below,  in  the  management 
blueprint. 

Stability  r Long-Term  Commitment  -  "The  partners'  long-term  commitment  to  the 
partnership  is  vital  to  success. " 

Some  problems,  especially  in  the  environmental  arena,  can  only  be  solved  with  long 
time-series  of  data.  Because  of  the  costs  associated  with  acquiring  data  in  the  field,  this 
kind  of  commitment  can  be  difficult  to  maintain.  The  California  Cooperative  Oceanic 
Fisheries  Investigations  (CalCOFI,  Appendix  IV.K.)  is  an  excellent  example  of  a  multi- 
decadal  partnership.  This  partnership  has  also  demonstrated  the  collateral  benefits  of 
this  type  of  stable  and  long  term  commitment,  as  the  research  results,  which  were 
originally  obtained  for  analysis  of  California  fisheries  are  now  proving  invaluable  in 
much  of  the  discussion  regarding  global  climate  change.  An  additional  aspect  of 
CalCOFI  has  been  its  dvirabiLity:  it  has  been  flexible  enough  to  operate  with  a  wide 
variety  of  support  bases  over  the  years. 
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There  is  a  very  broad  realm  of  research  opportunities  defined  by  the  diversity  of  issues 
embedded  in  the  subjects  of  quality  of  life,  economic  development,  education/ 
communication  and  national  security.  Nonetheless,  it  is  quite  noteworthy  that  for  the 
purposes  of  defining  partnerships,  several  consistent  themes  emerged  from  the 
deliberations  of  these  distinct  working  groups.  The  pervasive  nature  of  these  themes 
lends  strong  credibility  to  the  partnership  approach;  there  is  an  implication  that  a 
partnership  developed  to  address  a  problem  in  one  area  will  provide  collateral  benefits 
to  other  applications. 

What  follows  is  a  description  of  the  opportunities  for  development  of  specific 
partnerships  in  oceanography.  The  intent  is  to  identify  where  the  key  target  areas  exist 
and  what  tiie  specific  focus  of  partnerships  should  be  to  address  the  most  urgent 
community  needs. 


Data 


DECLASSMCATION  - 

The  currency  of 
oceanographic  progress  is 
data.  The  ocean 
environment  is  largely 
undersampled  or 
unsampled.  There  exist 
data  which  might  serve 
multiple  needs.  Many  of 
these  data,  however,  are 
kept  under  lock  and  key, 
and  their  access  is 
restricted  for  purposes  of 
national  security.  A  recent 
exercise,  entitled  MEDEA 
has  demor\strated  the 
value  of  many  of  the 
classified  oceanographic 
data,  for  application  to  a 
wide  range  of  problems 
including  global  climate 
change,  earthquake 
studies,  and  biological 
productivity  of  the  oceans, 
with  no  concomitant 
threat  of  reduced  security. 


Subject:    Data  Accessibility 

Background:    The  Navy  holds  in  iis 
operational  database  vast  quantities 
of  information  collected  at  great 
expense  over  decades.    One  will  not 
be  able  to  collect  such  a  data  set 
again.  Some  of  the  data  are 
unclassified  and  prospects  for  more 
of  it  to  be  declassified  are  promising. 
The  Navy  also  regularly  models  its 
data  for  analysis  and  prediction. 
These  too  are  such  sources  of 
information.    Finally,  the  Navy  has 
invested  in  an  Integrated  Data  Base 
Management  System  (IDBMS)  which 
is  an  information  discovery  and 
management  tool  that  provides  for 

feoreference  and  inter-related  data, 
here  is  probably  no  better 
collection  of  global  ocean  data  more 
readily  usable  or  electronically 
reachable. 

Opportunitv:    Remote  access  to 
these  valuable  unclassified  data  sets 
using  slate-of-the-networking-art  on- 
line connectivity  facilitated  by 
IDBMS  data  management  systems. 
This  opportunity  may  be  extended  to 
all  civilian  users  when  unclassified 
data  are  involved,  but  policy 
questions  will  need  resolution  first. 

Hurdles: 

1.   Cost:    While  not  significant,  there 
are  some  costs  in  the  $2-4  M 
(estimated)  range  to  procure 
networking  hardware,  to  install 
precautions  against  inadvertent 
release  of  classified  data  or  model 
information,  and  to  manage  the 
networking  system. 


2.    Policy:    For  decades,  all 
unclassified  oceanographic  data 
went  to  national  data  centers  for 
further  archiving  and  distribution. 
Building  on  the  modern  trend  of 
distributed  archives  and  database 
management  may  mean  new  or 
additional  routes  to  important 
oceanic  data.    Moving  from  central 
national  archives  to  direct  access  of 
Navy  data  by  authorized  users  need 
not  be  threatening  to  existing 
centers.    While  this  initiative  should 
neither  be  a  hurdle  or  a  threat,  it 
will  need  to  be  discussed.   Data 
should  continue  to  be  made 
available  to  the  national  archival 
centers,  perhaps  using  the  same  on- 
line data  transfer  techniques. 

Rationale  for  Partnership:   On-line 
connectivity  between  the  Navy's 
oceanographic  data/model  sources 
and  available  users  can  accelerate 
and  expand  civilian  and  commercial 
use  of  unclassified  high  quality  data. 
Feedback  to  the  Navy  will  result  as 
surely  as  civilian  ana  commercial 
successes  will.    Further,  one  would 
expect  a  return  of  civilian  data  and 
commercial  products  to  the  Navy  for 
inclusion  in  Navy  managed 
database/models.   Also,  such 
capabilities  would  undoubtedly 
make  US  companies  more 
competitive  in  foreign  markets. 

Expected  Product:   An  on-line 
connectivity  linking  Naval 
oceanographic  anacivilian 
oceanographic  government,  industry, 
and  academic  organizations  for  the 
purpose  of  quality  data  transfer. 
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LONG  TERM 
OBSERVATIONS  -  For 
the  same  reasons  that  the 
land-based  weather 
forecasters  depend  on 
distributed  networks  of 
observational  systems, 
the  oceanographic 
community  needs  these 
capabilities.  In  fact,  one 
of  the  most  dramatic 
demonstratioris  of  the 
value  of  long-term 
observatior^s  is  the  payoff 
from  the  TOGA  (Tropical 
Ocean  -  Global 
Atmosphere)  buoys  in 
the  central  Pacific  ocean. 
This  system  has  served 
as  the  primary  early 
warrung  system  for  El 
Nino  onset  in  the  last 
decade.  As  a  result  we 
now  have  vastly 
improved  capabilities  for 
long-term  forecasts.  The 
investment  and 
commitment  needed  for 
such  an  effort,  however, 
are  serious  and  large. 


Subject:    US  Contributions  to  a 
Global  Ocean  Observing  System 
(COOS) 

Background:   The  ocean  (both  deep 
and  coastal)  is  a  highly  dynamic 
environmental  system  whose  space/ 
time  variability  is  of  the  same  general 
order  as  the  atmosphere  in  part  due  to 
the  coupling  of  two  systems.    In 
contrast  to  meteorology,  there  is  no 
equivalent  coherent  synoptic 
monitoring  and  prediction  technology 
for  the  oceans.    Different  agencies 
collect  partial  data  sets  or  provide 
rudimentary  predictions:  but  the  effort 
is  significantly  below  what  is 
required.    The  data  sets  on  waves, 
tides,  circulation,  temperature, 
salinity,  and  biological  indicators  are 
of  potential  use  to  governments  and 
private  industries  concerned  with 
nazard  protection,  transportation, 
recreational  and  environmental 
planning.    The  feedback  of  the 
oceanographic  information  to 
atmospheric  models  should  eventually 
improve  weather  forecasts  as  well. 
Coastal  regions  worldwide  are 
susceptible  to  heavy  damage  from 
earthquakes,  hurricanes,  storms  and 
flooding.    Hurricane  damage  on  the 
east  coast  of  the  United  States  and  the 
recent  earthquake  in  California  have 
resulted  in  a  collective  billion  dollars 
worth  of  property  damage  and  loss  of 
commercial  revenue.    Several 
atmospheric  and  land-based 
observation  programs  exist  currently 
which  are  dedicated  towards  sensing 
the  formation  of  tropical  storms  and 
recording  seismic  events  along  the 
California  coast,  additional 
information  can  be  gained  from  ocean 
bottom  and  ocean  surface  deployed 
sensors  which  when  combined  with 
the  currently  available  data  would 
greatly  enhance  the  understanding  of 
tnese  destructive  events  and  provide 
new  capabilities  for  disaster 
prediction  throughout  the  globe. 
Bringing  this  all  together  and 
providing  a  mechanism  for 
development  and  coordination  is  the 
task  of  GOGS,  an  intergovernmental 
program  under  the  sponsorship  of 
several  international  agencies.    The 
goal  of  GOGS  is  observations  to  aid 
the  public  good,  by  making  use  of 
past  research  results,  motivating  new 
research,  and  maintaining  operational 
observational  programs.   The  US 
contribution  to  GOOS  is  currently 
built  around  an  Interagency  Working 
Group  with  representation  from 
NOAA,  NASA,  NSF,  Navy,  State, 
Interior,  Coast  Guard,  EPA  and  DOE, 
with  scientific  review  from  a  GGGS 
panel  of  the  NAS/NRC. 

Opportunity: 

(1 )  US  GGGS  currently  sets  priorities 
and  determines  content  on  tne  basis 
of  individual  agency  contribution;  the 
opportunity  for  joint  development  of 
activities  that  no  one  agency  could 
tackle  alone  has  not  been  exploited. 

(2)  Academic  input  to  the  US  GOOS 
is  primarily  through  the  NAS/NRC 
GOOS  panel.   This  could  be  made 


more  significant  and  have  more 
impact  if  there  were  several 
continuous  academic  working  groups 
addressing  scientific  aspects  ofthe 
five  modules  of  GGGS  (climate. 
Health  of  the  Gcean,  Living  Marine 
Resources,  Coastal  Zone,  and  Marine 
Services). 

(3)  Industry  has  two  major  interests  in 
GGGS,  namely  as  a  supplier  of  GOOS 
equipment  and  data/products,  and  as 
a  user  of  the  output  of  COGS,  for 
example  for  improved  ship  routing. 
Neither  of  these  interests  is  being 
fully  exploited,  which  suggests  a 
wider  partnership  that  incfudes 
industry  more  explicitly. 

Hurdles:   More  communication  and 
outreach  is  needed  by  US  COGS  to 
enable  its  constituents  to  develop  and 
be  nurtured,  which  requires  funding. 
In  the  current  climate  of  reduced 
funding,  it  is  more  important  to 
improve  our  mechanisms  for  working 
together,  but  scientists,  agencies,  and 
industries  are  finding  it  difficult  to 
watch  the  horizon  and  take  the  long 
view.    The  development  of  a  GOOS 
System  would  require  overcoming 
four  important  hurdles: 

1 .  The  scientific  determination  of  the 
proper  parameters  to  measure,  the 
correct  instruments,  and  optimum 
locations  for  deployment. 

2.  The  design  and  manufacture  of 
precise,  reliable  components  and 
data  links 

3.  The  logistics  of  installation  of  the 
systems 

4.  The  establishment  of  data 
recording,  storage,  analysis  and 
distribution  facilities. 

Rationale  for  Partnership:    GOOS, 
and  its  objectives  ,  are  too  big  for  any 
single  group  to  address.    Partnerships 
are  essential  to  bring  the  required 
interests,  tools,  and  users  together. 
The  users  are  a  critical  part  of  the 
partnership,  and,  in  light  of  the 
recommended  partnership  dealing 
with  declassification,  it  could  be 
suggested  that  incorporation  of  such 
capabilities  into  GGGS  would  be  of 
benefit  to  our  national  security  as 
well. 

Expected  Product:   A  stronger 
constituency  for  practical 
oceanography,  encompassing  many 
specific  tasks  involving  data  and 
observations.    At  least  daily 
observations,  predictions  of  ocean 
physical  parameters  (waves,  tides, 
surges,  currents,  temperature  and 
salinity)  along  with  biological 
parameters  such  as  color.    Coherent 
databases  of  the  observations  or 
assimilated  fields  can  be  developed  to 
provide  equivalents  to  meteorological 
climatologies.    The  ultimate  products 
are  oceanographic  analogs  to  the 
information  now  provided  for  the 
atmosphere. 
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QUALITY  CONTROL  -  One  of  the  major  advances  to  ocean  science  was  n\ade  in  the 

mid-1800s  when  Matthew  Fontaine  Maury  standardized  the  methods  for  collecting  data 

at  sea.  Today,  because  of  the  rapid  advances  being  made  in  sensing  technologies,  and 

the  capabilities  to  put  data  and  information  easily  into  the  public  access,  the 

oceanographic  community 

runs  the  risk  of  major 

problems  with  quality'  of 

data.  Access  to  an 

information  highway  that 

contains  raw,  imverified, 

often  sensationalized  data 

can  be  a  great  danger  to 

both  the  decision-making 

and  scientific  processes. 

We  need  to  invoke 

standards,  as  Maury  did, 

and  establish  protocols  for 

introducing  data  into  the 

public  domain. 

Clearinghouses,  industry 

standards  and  community 

stewardship  are  the  tools 

that  must  be  established. 


Subject:    National  Ocean 
Observation  Quality  Assurance 
Initiative 

Background:    This  partnership  would 
provide  a  comprehensive  scheme  for 
data  quality  assurance  throughout 
the  anticipated  major  information 
pathways  to  be  developed  in  the 
future,  (e.g.  the  Global  Ocean 
Observing  System,  COOS).    The 
scheme  would  build  on  and 
supercede  smaller  prototype  efforts 
in  the  current  Integrated  Global 
Ocean  Services  System  (IGOSS). 

Opportunity:    Future  observational 
networks  in  the  ocean  are 
anticipated  to  consist  of  enhanced 
measurement,  modelling,  and 
delivery  systems;  for  a  host  of  critical 
ecosystem  measures  and  standard 
physical  parameters.    Because  the 
expected  information  management 
methods  will  rely  heavily  on  Internet 
traffic,  and  because  a  large  number 
of  participants  will  not  be  performing 
as  "contractors",  measures  to  instill 
strict  data  quality  assurance  will 
necessarily  rely  on  voluntary  means. 
It  is  likely  that  a  rigorous  program  of 


certification,  based  on  cor 
agreement  to  a  range  of 
qualification  procedures  (e.g. 
comparison  with  climatology),  can 
be  implemented  successfully. 
Participation  in  certification  efforts 
can  become  strong  bonds  within 
growing  Federal-Academic-lndustry 
partnerships. 

Hurdle:   The  process  of  identifying 
appropriate  certification  procedures 
and  in  gaining  community 
acceptance  will  require  a  lengthy 
community  dialogue. 

Rationale  for  Partnership:    Global 
observational  programs  will  fail 
utterly  without  full  participation  by 
the  above  segments  of  the  ocean 
community;  tnis  proposed 
certification  process  will  likewise 
require  a  partnership. 

Expected  Product:    Community 
accepted  protocols  and  standards, 
used  by  all  participan;s  in  the 
identification,  collection  and 
dissemination  of  data  and 
information. 


Resources 


PEOPLE  -  Clearly  the  most  valuable  resource  in  oceanography  is  the  cadre  of  trained 
professionals  and  capable  students  working  in  the  field.  The  future  body  of  researchers 
and  educators  in  the  ocean  sciences  may  be  distributed  among  a  broader  range  of 
careers  and  job  sectors  than  are  currently  represented.  Efforts  are  already  underway  to 
develop  mecharusms  to  train  the  next  generation  of  ocean  scientists  in  fields  such  as 
business,  public  policy  and  communications,  in  order  to  expand  the  involvement  of  the 
oceanographic  community.  The  current  number  of  oceanographers  suggests  a  need  for 
partnership  initiatives  aimed  at  distributing  the  capabilities,  sharing  this  resource,  and 
ensuring  some  quality  control  on  the  level  of  expertise.  The  community  should 
establish  formal  mechanisms  for  facilitating  the  exchange  of  persormel  between 
academic,  government  and  private  organizations.  Some  mechanisnas  for  these 
exchanges  currently  exist, 
but  they  are  cumbersome 
and  more  prohibitive  than 
conducive  to  cooperation. 
Additionally,  a  partnership 
approach  might  be  invoked 
to  assess  the  value  and 
implementation  of  a 
professional  certification 
program,  as  is  done  in 
many  other  technical  fields. 


Subject:    Internships  and  Personnel 
Exchanges:  Government/Academia/ 
Industry  Cooperative  Human 
Resource  Utilization 

Background:    Crosstalk  and  mutual 
understanding  of  goals  among 
mission  agencies,  academia, 
industry,  research  agencies,  and 
policy  makers  are  deteriorating  to 
an  all  time  low.   This  comes  at  a 
time  when  downward  budget 
pressures  call  for  "downsizing" 
mission  "purification"  and 
"deregulation."   These  two  groups 
of  trends  combine  to  be  very 
counterproductive,  and  are 
exacerbated  by  significant  mission/ 
interest  shifts  on  tne  part  of  several 


agencies.    Crosstalk  and  mutual 
understanding  must  be  fostered  at 
all  levels  from  program  execution  to 
planning  and  setting  of  national 
policy. 

In  addition,  certain  private 
industries  have  operations  that  are 
synergistic  with  tne  education  of 
students  in  the  oceanographic 
community.    Oceanographers  from 
academia  could  benefit  from 
opportunities  to  work  in  industry,  to 
be  exposed  to  the  needs  of  industry, 
to  apply  data  being  generated  in  the 
researcn  environment.    Programs 
could  be  set  up  to  support  such 
cooperative  efforts. 
■Ccnfnued  on  next  page 
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Opportunity:    Mechanisms,  in 
aaaition  to  the  traditional 
Intergovernmental  Personnel  Act, 
must  be  developed  to  encourage 
cross-fertilization  as  describecT 
above.    Examples  include: 

visiting  senior  scientists  to 
operators  and  to  policy  making 
organizations, 

participation  of  industry  and 
other  user-community 
representatives  across  agency 
planning  and  policy  lines, 

-      graduate  education,  research 

sabbatical  and  industry/laboratory 
appointments  for  military, 
government,  and  policy 
employees. 

These  mechanisms  should  span  from 
short  term  exchanges  to  long  term 


appointments.    In  view  of  the  Info 
HighwayAVWWeb,  it  may  be 
feasible  to  create  "virtual 
appointments"  that  may  also 
include  "video  conferencing  and 
meetings." 

Hurdles:    The  primary  hurdle  is,  of 
course,  availability  of  manpower 
and  the  low  priority  often  assigned 
to  these  activities.   A  subtle 
problem  is  the  increasing 
restrictions  placed  upon  the 
exchanges  by  unreasonable 
application\interpretation  of 
conflict-of-interest  regulations. 

Rationale  for  Partnership:   A 

partnership  would  enhance  the 
value  of  any  data  being  collected, 
add  to  the  experience  base  of  the 
participants  thereby  making  them 
more  effective,  ana  providing  all 
sectors  with  a  resource  base  that 


was  not  available  to  date.  All 
participants  could  reduce  costs  for 
performing  oceanographic  related 
tasks,  through  a  reduction  in  the 
full-time  equivalent  positions 
employed. 

Expected  Product:    Better 
understanding  of  both  common  and 
unique  issues  as  well  as  a  basis  for 
improved  communications  between 
participants.    For  the  oceanographic 
research  community  in  government 
and  academia,  an  opportunity  for 
some  to  experience  industry  -  its 
operations  and  the  application  of 
oceanographic  data,  enhancing  the 
value  of  the  data  being  collected  by 
applying  it  in  new  way.    For  industry 
-  the  resource  of  an  experienced 
individual  (an  expert  at  times)  in  an 
application  where  such  "short  term" 
expertise  is  necessary  would  be  a 
valuable  asset  to  the  operation. 


Subject:   Certification  of 
oceanographers 

Background:  Traditionally, 
accomplishment  of  advanced  training 
in  the  ocean  sciences  has  been 
evidenced  by  Masters  and  Doctoral 
degrees.    Because  oceanography  is 
inherently  multi-disciplinary,  and 
because  degree  requirements  vary 
among  institutions,  attainment  of  a 
graduate  degree  does  not  necessarily 
indicate  that  degree-holding 
individuals  possess  a  common  set  of 
skills.    For  purposes  of  employment  of 
ocean  scientists  in  non-academic 
careers,  it  may  be  desirable  to 
establish  a  certification  program  for 
oceanographers.    The  professional 
certification  program  for 
meteorologists  may  serve  a  successful 
model  on  which  the  ocean  science 
community  can  build. 

Opportunity:    Taking  into 
consideration  potential  employment 
opportunities  for  trained  ocean 
scientists  (e.g.  in  media,  education, 
industry,  politics,  law)  partnerships  to 
establish  certification  criteria  should 
be  formed.    Partners  could  include 
research  institutions,  professional 
societies,  industry  and  government 
agencies.    Criteria  would  reflect 
standards  set  by  the  ocean  science 


community  as  well  as  the  needs  of 
potential  employers.  It  may  be  that 
multiple  types  of  certification  are 
appropriate.    These  could  emphasize 
particular  skills  such  as 
communication,  computer  science, 
instrument  development  or  knowledge 
of  the  legal  system.  Earning 
certification  in  ocean  science  may 
require  training  that  differs  from  the 
curricula  currently  followed  by 
oceanographic  institutions   Orfering 
ocean  scientists-in-training  the 
opportunity  to  prepare  themselves  for 
non-academic  careers,  and  setting 
standards  for  certification  would  serve 
both  the  acadepiic  community, 
private  industry,  and  society  in 
general. 

Hurdles:   Potentially  there  will  be 
resistance  to  proposed  certification 
within  the  academic  community.    The 
reasons  for  resistance  will  neea  to  be 
identified  and  addressed.    It  may  not 
be  necessary  or  even  desirable  tor  all 
oceanographic  institutions  to  offer 
certification  programs.    However  for 
the  certification  program  to  be 
successful,  some  agreement  as  to  its 
meaning  and  value  must  be  reached 
within  the  ocean  science  community. 
For  an  ocean  science  certificate  to  be 
useful,  there  must  be  jobs  for  which 
the  certificate  is  required.    At  present. 


the  bulk  of  jobs  available  to 
oceanographers  exist  within 
academic  institutions,  with  smaller 
numbers  of  positions  existing  in 
government  agencies.  A  market  for 
certified  ocean  scientists  must  be 
established  within  the  private 
sector. 

Rationale  for  Partnership: 

Certification  criteria  will  reflect 
standards  set  by  the  academic 
ocean  science  community  and  the 
needs  of  potential  employers,  hence 
partnership  is  critical  to  the  success 
of  a  certification  program. 

Expected  Products:   As  a  source  of 
knowledge  and  skills,  certified 
ocean  scientists  will  help  meet 
society's  needs  for  information 
about  the  ocean.    Certification  will 
allow  the  academic  community  to 
set  and  uphold  siaTidards  that  will 
reflect  positively  on  the  research 
community.    Organization  of  a 
certification  program  will  bring 
together  the  oceanographic 
community  in  an  unprecedented 
way,  perhaps  stimulating  re- 
evaluation  of  graduate  programs 
and  realignment  of  priorities  to 
benefit  both  the  academic 
community  and  society  at  large. 


PLATFORMS  -  The  oceanographic  community  is  a  research  platform  -  intensive  group. 
Urilike  many  other  scientific  arenas,  the  oceanographic  field  critically  depends  on 
efficient  community  management  of  surface  ships,  manned  submersibles,  autonomous 
xmderwater  vehicles,  scientific  buoys,  and  research  satellites.  Plans  for  future  field 
work  will  add  capabilities  to  this  Ust  (e.g.  ocean  sampling  networks,  global  observation 
systems)  making  the  management  of  these  research  platforms  an  even  more  challenging 
endeavor.  Partnerships  are  critical  for  successful  application  of  these  facilities. 
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Subject:    Offshore  Construction  of 
Multi-Purpose  Platforms 

Backgrouitd:    The  US  continues  to 
experience  a  population  increase, 
particularly  in  regions 
concentrated  near  the  coasts 
where  50%  of  the  population  now 
resides.    As  coastal  regions 
become  ever  more  crowded,  the 
idea  of  building  structures 
offshore  for  a  variety  of  purposes 
becomes  more  attractive. 
Offshore  airports  have  already 
been  constructed  in  lapan  and  are 
rapidly  gaining  appeal  here  for 
both  land  use  and  noise  mitigation 
purposes,    .\rtificial  harbors  which 
can  accommodate  larger,  deeper- 
draft  vessels  would  make 
international  shipping  safer  and 
more  accessible.    Megaplatforms 
for  offshore  oil  production  and 
development  would  house  families 
of  support  personnel  as  well  as 
schools,  churches,  food  stores  and 
whatever  else  is  needed  to  support 
an  entire  offshore  community. 
Purely  recreational  offshore  travel 
destinations  are  also  possible  with 
hotels,  theme  parks,  restaurants. 


and  casinos.  In  some  cases,  offshore 
highways  could  be  built  to  reach 
them.  A  wide  variety  of  structures  is 
possible,  ranging  from  artificial 
islands  to  bottom-mounted  and 
semi-submersible  platforms. 

Opportunity:    Innovative  materials 
wnich  are  becoming  available  now 
make  these  new  structures  possible. 
Carbon  fiber  and  composite  plastics 
could  be  utilized  for  strength,  light 
weight,  low  manufacturing  costs, 
and  resistance  to  corrosion  and 
biofouling.   Other  construction 
methods  include  re-use  and  re- 
combination of  existing  offshore 
structures  from  the  oil  industry,  and 
recycling  of  dredged  materials  from 
the  ocean  and  soFid  waste  materials 
from  the  land  (fly  ash,  sanitized 
sludge,  etc.)  to  form  artificial  islands 
offshore. 

Hurdles:    The  technology  necessary 
to  develop  these  large  offshore 
structures  in  a  cost-effective  manner 
is  presently  being  developed.    The 
federal  regulations  regarding 
environmental  impacts  of  these 
structures  would  be  enormous. 


Rationale  for  Partnership: 

Partnerships  are  required  between 
government,  industry,  and  academia 
to  conduct  the  necessary 
environmental  impact  studies. 
These  would  include  impacts  on  the 
coastal  circulation  and  sediment 
transport,  positive  and  negative 
impacts  on  the  local  biota,  visual 
impacts,  and  hazards  to  navigation. 
AUVs  and  robotic  systems  would  be 
needed  d'jring  the  construction  and 
maintenance  of  some  structures. 
Offshore  structures  provide 
platforms  for  mounting 
instrumentation  foi  research, 
weather  prediction,  and 
aquaculture.    The  physical  size  and 
magnitude  of  the  proposed  projects 
cross  state  lines  and  demand 
partnerships  tor  successful  financing 
and  completion. 

Expected  Product:   The  expected 
products  are  innovative  oftshore 
structures  which  can  replace  or 
improve  upon  facilities  traditionally 
housed  near  the  coasts,  being  used 
by  the  layman  and  the  research 
community  alike. 


COMPUTING  -  One  of  the  major  accomplishments  of  the  oceanographic  community  in 

the  last  decade  has  been  associated  with  advances  in  'data  assimilation',  the  capability' 

of  upgrading  a  predictive 

model  by  incorporating 

data  on  a  regular  basis. 

Advanced  development  of 

state-of-the-art  massively 

parallel  computers 

progresses.  Scientists  will 

continue  to  recognize  the 

advanced  capabilities  of 

these  machines,  and 

teachers  will  utilize  their 

sophisticated  programs 

for  visualization  and 

simulation.  The  costs  of 

these  computational 

systems  are  high  and  their 

access  is  limited.  Careful 

partnering  between  the 

owners,  operators, 

programmers  and 

analysts  is  essential,  and 

coupling  these  efforts  with 

the  data  collection 

partnerships,  described 

above,  will  be  highly 

productive. 


Subject:   Operational  Ocean 
Characterization  System 

Background:   The  Navy,  for  national 
defense  purposes,  and  civilian 
organizations,  for  scientific  purposes, 
require  the  capability  to  measure, 
analyze,  and  predict  the  state  of  the 
world's  oceans  on  a  continual  basis. 
Such  a  continuum  of  function  calls  for 
fusion  of  data  previously  collected 
with  that  being  collected  (e.g.  via 
GOOS  as  described  above), 
developing  an  analysis  of  current 
oceanic  conditions  using  numerical 
models  based  on  best  physical 
principles  understood,  and  finaily, 
using  best  predictive  model 
techniques,  forecasting  of  future 
oceanic  conditions.   An  operational 
system  that  leaves  out  any  part  is  less 
useful  and  does  not  effectively  utilize 
the  resources  at  hand. 

Observational  strategies  and 
operations  are  improved  by 
concomitant  "end-to-end  simulation" 
or  "model-mediated  approaches." 
This  optimizes  the  data  gathering 
methods  against  the  uncterlying 
requirements,  as  well  as  the  relevant 
physics  and  processes.    Techniques 
that  not  only  adapt  to  the  incoming 
data  stream  but  also  alternative 
sources  of  information  (e.g.  remote 
sensing)  offer  a  major  capability 
enhancement. 

Opportunity:   The  ability  to 
assimilate  significant  amounts  of 
disparate  data  in  real-time  and 
onscene  together  with  very  capable 
but  relatively  inexpensive  numerical 
processing  machines  make  a  "model- 
mediated'  approach  very  possible  in 


the  near  to  midterm  (3-5  years).   An 
opportunity  exists  to  forge 
partnerships  which  bring  together 
archival  and  near  real-time  collected 
data,  large-scale  computational 
facilities,  predictive  models  and  the 
methods  to  distribute  results  for 
operational  purposes  and  correction 
of'improvements  to  the  operational 
oceanography  system. 

Hurdles: 

1 .  Multi-agency  commitment  for  the 
long  term.  It  is  an  infrastructure 
investment. 

2.  Tendency  to  stop  at  collection/ 
archival  thereby  preventing  fullest 
utility  and  modeling  feedback/ 
improvement. 

3.  Bringing  all  assets  to  bear  (eg. 
COOS,  satellites  (multi-sensor), 
lUSS,  supercomputers,  models). 

Rationale  for  Partnership:    In  addition 
to  savings  due  to  mutual  leveraging, 
there  is  an  overall  advantage  that 
stems  from  a  common  basis  for  survey 
sirategies.    This  will  lead  to  improved 
understanding  of  survey  results  as  well 
as  more  commonality  of  formats  and 
higher  quality  standards.    Several 
agencies  and  civilian  talent  need  to  be 
posted  to  make  the  initiative 
sufficiently  solid  and  then  sustain  it. 

Expected  Product:   An  archive,  both 
historical  and  current:  a  modeled 
analysis  of  current/near  current  ocean 
conditions;  a  prediction  of  oceanic 
conditions.    In  addition  to  the  above 
"survey  multipliers",  the  overall 
approach  leads  to  a  robust  nowcast 
capability  which  has  value  in  its  own 
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LABS/ 

INFRASTRUCTURE  - 

Laboratories  and  the 

collection  of  facilities  that 

comprise  the 

infrastructure  of 

oceanography  (e.g.  large 

systems  of 

instrumentation,  such  as 

ocean  bottom 

seismometers)  are  as 

unique  to  the  field  as  the 

research  platforms.  Again, 

the  diversity  of  the  field 

has  been  translated  into 

specific  technical  strengths 

at  individual  laboratories. 

The  US  Navy  has 

particular  capabilities  for 

acoustic  studies,  for 

example,  whereas  the 

expertise  for  developing 

open  ocean  buoys  resides 

at  only  a  handful  of 

academic  and  federal 

laboratories.  The  optimal  exploitation  of  these  facilities  can  only  be  attained  through  a 

program  of  sustained  and  active  partnerships  between  .he  institutions. 


Subject:  Marine  Laboratory  Networks 
and  Natural  Laboratories 

Background:    Crowing  national 
security  and  other  US  interests  in 
littoral  regions  together  with  an 
emerging  S&T  capability  to 
adequately  address  this  complex 
environment,  offers  an  opportunity 
for  interagency  partnerships  to 
establish  a  portfolio  of  coastal 
natural  laboratories.    These  would  be 
visited  regularly  to  provide  baseline 
data  to  understand  processes, 
validate  models  and  algorithms,  and 
to  test  operational  products  across 
the  various  agencies  and 
participating  industry.    In  this  way,  a 
positive  feedback  of  engineering 
models  to  fundamental  physics  and 
process  studies  can  be  used  to 
shorten  product  development  time  as 
well  as  fidelity/skill.    Carefully 
chosen  locations  can  also  serve  as 
ground-truth  for  remote  sensing 
(acoustic,  space,  and  airborne 
technioues)  and  should  be  co- 
locatea  with  fiducial  sites  wherever 
possible.    Notably,  the  world's 
marine  laboratories  are  the 
repositories  of  collections  and 
historical  data  of  critical  importance 
for  coastal  research.   They  have 
facilities  to  provide  access  to  marine 
habitats,  institutional  stability  ,  and 
history  of  working  together.    The  US 
National  Association  of  Marine 
Laboratories  is  developing  a  network 
of  US  marine  laboratories.    The 
terrestrial  LTER  (long-term  ecosystem 
research)  network  provides  a  parallel 
example. 


Opportunity:   A  specific 
opportunity  exists,  for  example,  to 
study  biological  diversity  on  a 
regional  scale  (the  need  for 
regional  scale  is  emphasized  in 
the  recent  NRC  Report, 
Understanding  Marine 
Biodiversity)  and  in  a  sustained 
way,  e.g.  lone-term.    Habitats 
would  include  estuaries 
(watershed  to  the  coastal  ocean), 
rocky  shores,  coral  reefs,  and 
continental  shelves. 

Hurdles:    None  that  are 
significant,  however  some 
agencies  may  need  to  be  coaxed. 
Agreement  will  be  needed  among 
laboratories  and  participants  on 
common  measurements. 

Rationale  for  Partnership: 

Primary  driver  is  mutual 
leveraging  to  bring  sufficient 
resources  (intellectual  as  well  as 
fiscal)  to  bear.  The  urgency  of 
issues  such  as  loss  of  biodiversity 
demand  a  focussed  and  concerted 
effort,  only  attainable  through 
partnerships. 

Expected  Product:    Well  founded 
and  common  basis  for  algorithms, 
models,  policy  and  decision  aids 
and  sensor  performances  across 
US  agency  mission  areas.    Not 
only  does  this  leveraging  reduce 
the  costs  of  gaming  these 
capabilities,  but  will  also  reduce 
costs  in  the  utilization  of  the 
knowledge  gained. 


Subject:   Oceanographic  Sensor 
Communications 

Background:    Most  of  the  past 
oceanographic  measurements  were 
taken  from  ships  or  moored  buoys, 
and  these  data  have  formed  the  data 
bases  upon  which  the  US 
government  produces  its  predictions 
of  weather  and  sonar  system 
performance.    It  is  now  evident  that 
many  important  oceanographic 
processes  are  undersampled  both 
temporally  and  spatially  and  that 
there  are  not  enough  ships  and 
buoys  for  accurate  models.    This  has 
led,  especially  with  the  advances  in 
microchip  electronics,  to  remote 
instrumentation  to  acquire  these 
data.  One  of  the  major  problems  is 
that  it  is  often  very  difficult  to 
transfer  these  data  from  instrument 
to  the  user.    There  are  basically  two 
approaches:  i)  transmitting  the  data 
by  means  of  a  cable,  now  usually 
fiber  optical  and  ii)  telemetering  the 
data  through  the  ocean  surface  and 


then  a  satellite  link  to  the  user. 
Cables  are  expensive  to  install 
especially  in  the  deep  ocean  while 
telemetering  and  satellite  links  have 
very  limited  bandwidths.  The  most 
common  means  is  by  the  French 
ARCOS  system  which  has  very 
limited  bandwidth  and  is  approaching 
saturation  in  some  regions.  Currently, 
communicating  with  oceanographic 
sensors,  especially  those  in  the  deep 
sea  at  long  ranges,  is  often  the 
limiting  technology  in  their  use. 

Opportunity:    Several  options  for 
high  data  rate  communications  need 
to  De  developed  which  make  data 
transfer  reliable  and  inexpensive.  This 
would  permit  obtaining  denser  and 
more  frequent  data  for  scientific  use, 
commercial  applications,  and  Navy 
predictions. 

Hurdles:   There  are  several 
technological  hurdles.    While  optical 
cables  can  be  placed  for  long 
distances,  it  is  not  a  routine  option 


for  the  scientific  community.    While 
wideband  satellite  military 
communication  systems  exist,  again, 
they  are  not  available  to  the 
scientific  or  commercial  community. 
Innovative  approaches  are  needed. 

Rationale  for  Partnership:   The 

academic/scientific  and  the  Navy 
communities  have  long  had  a  need 
for  better  sampling  of  oceanographic 
processes.    They,  in  concert  with 
industry  also  have  the  engineering 
capability  of  developing  improved 
communication  systems.    Industry 
has  the  ability  to  make  the  systems 
both  reliable  and  inexpensive. 

Expected  Product:    Mitigating  the 
limitations  upon  data  acquisition 
would  permit  the  use  of  more,  and 
more  accurate  instruments.   All  of 
the  research  needs  associated  with 
the  national  interests  identified  in 
this  report  reciuire  that  we  constantly 
improve  the  ability  to  get  data  from 
the  sensors. 
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Education/ Communication 

FORMAL  EDUCATION  -  A  major  change  in  what  we  know  about  how  people 
learn,  especially  how  people  learn  science,  has  occurred  in  two  decades.  How, 
what,  and  why  we  teach  science  and  mathematics,  therefore,  must  be 
reconceptualized.  The  purpose  of  education  is  to  empower  learners  to  make 
meaning,  in  contrast  to  memorizing  a  multitude  of  disconnected  facts.  What 
an  individual  knows  about  a  topic  influences  the  meaning  he/she  can  make  of 
new  information.  Abstract  concepts  must  be  put  in  the  context  of  experiences 
with  which  the  learner  is  familiar.   Further,  learners  cannot  be  given  concepts. 
They  must  construct  concepts  for  themselves.   Instructional  strategies, 
subsequently,  need  to  focus  on  learning,  rather  than  on  teaching,  as 
transmitting  information.  Further,  the  target  audience  for  science  education  is 
all  Americans,  in  contrast  to  science  for  the  elite.  Mathematics  educators  are 
calling  for  mathematical  literacy  for  all,  and  technology  educators  are 
speaking  of  technology  education  for  all  instead  of  limiting  it  to  students 
bound  for  the  workplace  from  grade  12.  The  revolution  in  science  education 
requires  the  study  of  the  interactions  of  science  and  technology,  a 
transdisciplinary  approach. 

The  oceans  have  an  aesthetic  appeal  to  humans  and  the  study  of  oceanography 
is  inherently  interdisciplinary.  The  oceanographic  community  has  an 
opportunity  to  make  the  oceans  a  major  context  in  which  to  study  the 
interactions  of  science,  technology,  and  society,  from  which  to  learn  basic 
science  and  mathematical  concepts. 

Partnerships  between  oceanographers  and  educators  with  current  perspectives 
on  learning  are  necessary.   There  are  reciprocal  benefits  between  the  two 
cultures,  oceanography  and  education.  The  former  focuses  on  generating  new 
knowledge  about  the  oceans.  The  latter  focuses  on  tying  pieces  of  information 
into  a  whole  picture  that  can  be  made  relevant  to  other  scientists  and  to  non- 
scientists.  Together  they  can  develop  new  courses. 

Oceanography  is  an  ideal  platform  for  education,  focusing  on  the  interaction 
of  forces  and  processes  across  a  palette  of  disciplines,  including  biology, 
chemistry,  physics  and  geology.  The  oceans  are  also  a  wonderful  arena  for 
applying  concepts  in  mathematics  (everything  from  the  algebra  of  determining 
salinity,  to  the  calculus  of  ocean  currents).  There  are  a  handful  of  initiatives 
throughout  the  country  attempting  to  build  curricula  along  these  lines.  The 
formal  educational  community  (including  all  components  from  kindergarten 
through  graduate  school)  would  realize  immediate  benefit  from  partnering 
through  the  establishment  of  oceanography-specific  coalitions  of  educators. 


708 


22 


Subject:    Expansion  of  Pre-College 
{K-12)  Teacher  Programs 

Background:   There  exist  too  few 
precollege  teachers,  specifically 
elementary  teachers  who  have  the 
content,  knowledge  and  confidence 
to  teach  science.    This  is  one  of  the 
primary  reasons  that  too  many 
elementary  students  perform  poorly 
In  the  sciences.    It  is  well 
documented  that  a  key  to  reversing 
this  dangerous  lack  or  scientific 
understanding  demonstrated  by 
students  is  by  teaching  teachers. 
Successful  workshops, 
undergraduate  and  graduate  courses 
relative  to  marine  sciences  should 
remain  as  an  area  of  priority  and  be 
expanded  at  the  local,  state, 
regional,  and  national  level.    When 
new  technologies  and/ or  advances 
in  scientific  theory  are  developed, 
workshops  and  courses  must  be 
made  available  for  teachers,  thereby 
allowing  them  to  infuse  this  "new" 
knowledge  and  complementary 
methodologies/activities  into 
existing  curricula.    New  or  revised 
curricular  materials  may  also  need 
to  be  developed.    Teaching/learning 


experiences  to  assist  with  integrating 
these  materials  in  classrooms  wouia 
follow. 

Opportunity:    New  and/or  extended 
partnerships  need  to  be  developed 
among  the  education  community 
and  marine  scientists  in  government, 
academia,  and  the  private  sector. 
These  partnerships  must  include  - 
bur  should  not  be  limited  to  -  fiscal 
support,  equipment,  personnel  and/ 
or  resource  materials  (hard-copy, 
audio/video,  diskette,  laser  discs, 
Internet,  or  other  related  types  of 
materials).   The  ocean  science 
community  can  collaborate  with 
instructional  material  developers  to 
produce  content-  correct  and 
content  -current  materials,  and  can 
rapidly  modify  existing  materials  to 
add  new  content.    "Year-round" 
academic  years  for  precollege 
students  are  increasing  in  various 
school  districts/parishes  within  this 
country.    This  paradigm  shift  will 
provide  the  opportunity  for 
increasing  competitiveness  of  this 
country's  youth. 


Hurdles:   The  benefit  to  each  partner 
may  not  have  been  delineated  due  to 
inadequate  marketing  strategies  or 
fiscal  constraints  exhibited  by 
potential  sponsors.    Recruitment  of 
teachers  for  enrollment  in  science 
classes  is  often  difficult. 

Rationale  for  Partnership:    A 

partnership  is  necessary  since 
educating  and  training  teachers  is  a 
continuous  effort.   Children  represent 
our  future  and  investing  in  them 
through  teacher  training  programs  is 
a  "win-win"  situation  for  all  the 
partners  involved.    The  continuous 
partnership  ensures  delivery  of 
timely  research  findings  into  the 
classroom. 

Expected  Product:   Teachers  who 
ennance  their  current  knowledge  and 
teaching  st.ategies  also  have  an 
increased  self-confidence  which 
translates  back  in  the  classroom  in  a 
positive  and  enthusiastic  manner. 
Marine  and  aquatic  sciences/ 
oceanography  can  be  taught  by 
teachers  and  learned  by  students  in  a 
sense  of  wonder,  excitement  ,  and 
awe. 


Subject:   Marine  Information  Network 


anyone  looking  for  information.    The 

opportunity  is  especially  strong  now 

with  some  on-line  networks  (e.g.  the 

Virtual  Library  of  Oceanography  at 

http://www.mth. uea.ac.uk/ocean/ 

oceanography.html). 


INFORMAL  EDUCATION  -  The  average  American  probably  toows  more  about  space 

than  he  or  she  does  about  the  oceans.  Given  that  so  much  of  quality  of  life  and 

economic  prosperity  are  dependent  on  oceanography  it  is  timely  to  address  the  need  for 

increased  public 

awareness  of  this  field. 

The  ocean  research 

commimity  is  a  treasure 

trove  of  fascinating 

findings.  There  are  a  very 

limited  number  of  efforts 

to  provide  regiilar 

educational  opport\inities 

in  oceanography  for  the 

public  (an  outstanding 

recent  example  is  the 

Smithsonian's  Ocean 

Planet  Exhibition,  the  first 

traveling  exhibition  of  this 

kind).  Related  to  this  need 

is  the  issue  of  providing 

information  to  policy 

makers  at  the  federal, 

state,  and  local  levels.  A 

network  or  coalition  is 

needed  to  foster  this  kind 

of  dissemination  of 

information,  as  well  as 

serving  as  a  focal  point  for 

ocean-related  issues. 


Background:   Ocean  science  data  can 
be  too  fragmented  or  hidden  in 
difficult  to  understand  scientific 
papers  with  little  relevance  to 
"society"  or  legislators  on  all  levels. 
The  timely,  accurate  transfer  of 
information  (i.e.  data,  analytical 
products,  synthesis  documents)  on 
marine  environment  issues  to  public 
leaders,  educators  and  the  general 
public  is  crucial  if  the  ocean's  role  in 
numan  activities  is  to  be  properly 
understood     Many  problems  with 
stewardship  of  the  marine  ecosystem, 
response  to  natural  and  human- 
induced  hazards  and  the  full 
appreciation  of  the  ocean  arise  either 
from  the  lack  of  information,  or  great 
difficulty  in  locating  relevant  data  and 
products,  or  .ncompatibility  between 

the  few  existing  delivery  systems.  network  exceeds  the  ability  of  any 

Such  an  informational  flow  assumes  an    single  entity.    Given  a  distribution 


Hurdles:   Gathering  appropriate  data 
products  and  maintenance  of  the 
information  base  represent  a 
commitment  of  resources  that  must 
be  organized  and  checked.   The  true 
usefulness  of  the  system  demands  a 
wide  distribution  of  the  products, 
provision  and  maintenance  of  a  suite 
of  user  software  designed  to 
accommodate  anticipated  data  and 
product  types,  and  an  effort  to 
educate  users  in  their  use. 

Rationale  for  Partnership:  Garnering 
the  breadth  of  information  for  the 


educational  initiative  to  make  the 
information  useful,  to  supply  it  In 
formats  compatible  with  robust 
analysis  packages  and  provisions  for 
an  interestsd  party  to  obtain  more 
detailed  answers  dependent  on  the 
needs  of  the  particular  user. 


Opportunity:   The  current 

technologies  provide  various  models 

for  making  it  relatively  easy  to 

transmit  Information.   The  challenge  i= 

to  provide  a  "useful  information  flow" 

and  a  backup  set  of  experts  to  handle 

questions.   The  useful  information 

flow  envisioned  here  would  consist  of 

a  searchable  catalog  of  data  and 

products  together  with  an  efficient 

delivery  system.    Such  a  database  must    experts  who  can  provide  additional 

be  accessible  by  multiple  users  such        support  to  a  broad  range  of  users 

as  media,  legislators,  public,  or 


system,  the  network  can  service  both 
local  interests  and  global  issues.    The 
major  issue  with  the  partnership  will 
be  a  steady  focal  point  and  a 
sponsoring  agency. 

Expected  Product:  National  catalog 
of  data,  analysis  products,  synthesis 
documents,  software,  projects,  and 
survey  efforts;  an  overall  distributed 
data/distributed  catalog  architecture 
that  allows  Internet-wide  browsing;  a 
data/product  delivery  system;  and  a 
suite  of  documented  software  for  user 
display,  analysis,  re-analysis,  or 
manipulation  of  the  obtained 
inforr^ation.    This  system  would  be 
supported  by  a  set  of  designated 
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Unique  Huidles 


The  value  of  partnerships  is  defined  in  terms  of  the  guiding  principles  outlined  above. 
Additionally,  the  partnerships  proposed  by  the  CORE  Interagency  Partnership  Initiative 
serve  as  particularly  efficient  mechanisms  for  overcoming  hurdles,  some  of  which  are 
unique  to  the  oceanographic  commvmity.  Some  of  these  singular  hurdles  are: 

Funding  mechanisms  -  Ocean  science  is  primarily  supported  through  grants 
and  contracts  from  government  agencies.  The  lack  of  a  long  term  foundation 
of  support  (e.g.  'hard  money'  for  faculty  positions  at  research  universities) 
dictates  that  there  be  mechanisms  (including  leveraging  the  infrastructure 
investments  in  oceanographic  research  and  development  in  the  military  and 
industrial  sectors)  to  maintain  the  long  term  continuity  of  the  community. 

Funding  trends  -  As  shov^Ti  in  Figure  1  the  US  Federal  funding  for  basic 
research  in  ocean  sciences  effectively  has  been  halved  (by  virtue  of  remaining 
flat)  for  nearly  two  decades,  while  the  total  Federal  support  of  basic  research 
has  nearly  doubled.  Given  the  broaderung  mission  of  ocean  sciences  (Table  1) 
we  are  increasingly  out  of  balance.  The  dollars  are  shrinking  while  the 
research  requirements  grow. 

Multiple  Committee  Jurisdiction  in  Congress  -  Priniary  funding  for  the  conduct 
of  basic  research  in  the  ocean  sciences  emanates  from  the  Congress  of  the 
Uruted  States.  Nine  Federal  agencies  seek  funding  from  Congress  for  ocean 
science  and  technology  associated  with  their  missions  (Table  1).  But,  to 
address  fvmding  needs  of  each  of  these  rune  agencies,  over  forty  committees 
and  subcommittees  of  the  House  and  Senate  are  involved  in  carrying  out 
their  relevant  authorization  and  appropriation  responsibilities.  As  a  result, 
unless  there  is  some  clear  integrating  or  cross-cutting  process  for  Capitol  Hill 
when  dealing  with  the  broad  national  policy  and  programmatic  issues 
surrounding  ocean  science  and  technology,  any  mearungful  partnership 
arrangement  limited  solely  to  other  stakeholders  would  lack  substance. 
Better  horizontal  integration  of  broad  ocean  science  and  technology  policy 
and  programs  across  the  many  Federal  agencies,  is  necessary  if  we  are  to 
maintain  our  lead  in  this  critically  important  area  and  at  minimum  cost.  This 
is  particularly  true  during  the  post  cold  war  reappraisal  of  national  priorities 
imder  more  constrained  budgets.  This  hurdle  to  our  efforts  in  ocean  science 
and  technology  needs  addressal  by  the  legislative  and  executive  branches  in 
cooperation. 
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US  Federal  Basic  Research  (Constant  $FY95) 


^^^@  Federal  Basic  Research 

($FY95) 

—a —  Percentage  Ocean  Sciences 


Figure  1 
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(Source  is  the  Ocean  Studies  Board  of  the  National  Research  Council.) 


AGENCY 

MISSION  WHICH  IS  SUPPORTED  BY 
OCEAN  SCIENCES  RESEARCH 

$M  TO  ACADEMIC 
OCEAN  SCIENCES 
RESEARCH  in  FY95 

APPROXIMATE 
NUMBER  OF 
SCIENTISTS 
SUPPORTED 

NSF 

Basic  research  in  all  disciplines 

193.37  (37%) 

1500 

ONR 

National  security 

103.21  (20%) 

800 

NOAA 

Fisheries,  weather,  coastal  zone 
management,  navigation 

79.50  (15%) 

600 

EPA 

Pollutant  dynamics,  environmental 
protection,  environmental  monitoring 

41.00  (8%) 

300 

NASA 

Ground  truthing  for  satellite  observations 
of  sea  surface;  large  scale  oceanographic 
observations 

38.90  (7%) 

300 

USGS 

Coastal  erosion  and  hazard  mitigation, 
mapping,  hard  mineral  resources 

36.49  (7%) 

250 

MMS 

Exploration  and  development  of  oil  and 
gas  resources  on  outer  continental  shelf 

13.40  (3%,) 

100 

DOE 

CO2  budget,  energy  sources  and  transport 

11.30  (2%) 

85 

ARPA 

Advanced  technology  demos,  industry 
coordination 

7.00  (1%) 

50 

USACoE 

Ports  and  harbor  management,  dredging 

negligible 

negligible 

USCG 

Coastal  search  and  rescue,  law 
enforcement 

negligible 

negligible 

Oceanographer 
of  the  Navy 

Operational  navy  -  systematic 
characterization  and  forecasts  of 
environmental  conditions 

negligible 

negligible 

CIA 

Access/exploitation  of  declassified  data 

negligible 

negligible 

TOTALS 

$524.17M 

2100  (see  note) 

Note:  The  total  number  of  scientists  does  not  equal  the  sum  of  the  numbers  in  the  column,  since  most  scientists 
receive  funding  from  multiple  agencies 

Table  1 
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Security  concerns  and  classified  applications  -  The  oceans  are  the  operating 
environn\ent  for  our  national  defense.  In  fact,  it  has  been  argued  that  the  seas 
of  the  world  are  our  moats.  Any  research  in  oceanography  is  immediately 
relevant  to  the  operations  of  the  US  Navy  and  may  have  implications  for 
national  security.  As  such  there  will  always  be  an  awareness  of  the 
contribution  of  our  research  and  education  in  oceanography  to  national 
security  concerns  and  vice  versa. 

Management  and  ownership  of  resources  -  The  oceanographic  researcher  depends 
heavily  on  a  major  capital  investment  that  has  been  made  by  industry  and 
agencies  within  the  Federal  government  in  terms  of  research  platforms, 
equipment,  laboratories  and  general  infrastructure.  The  management  of  these 
resources,  and  their  ownership  is  dispersed  among  public  and  private 
entities.  Optimal  use  and  upgrade  of  these  facilities  requires  a  delicate 
coordination  of  missions,  plans  and  funding. 

Further,  the  human  resources  within  the  ocean  sciences  community  are 
heavily  concentrated  in  a  limited  set  of  job  sectors.  Management  of  the 
human  resources  will  require  a  diversification  of  the  job  opportunities  and 
new  educational  initiatives  to  help  prepare  students  for  more  alternatives  in 
employment. 

Communications  -  The  field  of  oceanography  is  represented  by  approximately 
50  different  technical  journals  and  no  less  than  15  professional  organizatior^s. 
While  an  isolatiorust  approach  to  one's  own  research  field  may  have  sufficed 
50  years  ago,  the  irUierently  interdisciplinary  nature  of  today's  oceanographic 
issues  dictates  that  the  marine  researchers  and  educators  have  an 
extraordinarily  broad  network  for  commurucation. 

Public  Awareness  -  Some  recent  dramatic  demonstrations  of  lack  of  public 
scientific  literacy  have  emphasized  the  need  to  bring  oceanographic  research 
results  to  the  forefront  of  general  visibility.  The  lack  of  attention  paid  to 
marine  issues  in  the  media  is  most  likely  attributable  to  a  lack  of  coordinated 
publicity  by  the  ocean  reseeu-ch  and  education  commxmities;  it  is  not  for  lack 
of  exciting  showpieces  from  the  science  and  technology  being  performed  in 
the  ocean. 
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Conclusions 


From  such  prestigious  scientific  bodies  as  the  National  Academy  of  Sciences  and  its 
many  associated  Boards,  from  well  supported  needs  statements  of  the  mission  oriented 
federal  agencies,  and  from  a  variety  of  highly  respected  scientific  organizations  the 
question  of  "what  to  research"  in  the  areas  of  ocean  science  and  technology  is  outlined 
quite  well.  What  is  clearly  lacking  today,  however,  is  any  cohesive  sustamable  and 
integrated  plan  on  "how  to"  best  achieve  our  objectives  in  these  important  scientific 
areas,  in  the  most  efficient  and  cost-effective  marmer.  This  report  identifies 
opportunities  wherein  new  and  enlightened  partnerships  can  be  established  to  provide 
the  bonding  agents  needed  to  pull  our  currently  disparate  parts  together.  The  report 
also  identifies  serious  hurdles  somewhat  unique  to  the  ocean  science  and  technology 
areas.  This  report  now  makes  recommendations  to  establish  new  institutional  processes 
to  eliminate  these  hurdles  and  manage  ocean  science  and  technology  much  more 
efficiently  in  the  future.  The  experience  derived  in  producing  this  report  provides 
confidence  that  these  recommendations  are  quite  executable  and  in  the  near  term. 
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Recommendations 


To  help  eliminate  the  identified  unique  hurdles  to  the  effective  and  efficient  conduct  of  a 
comprehensive  and  integrated  national  ocean  science  and  technology'  strateg)'  a  new 
way  of  doing  the  nation's  business  is  called  for.  Specific  actions  are  recommended. 
These  actions  will: 

-  accelerate  and  improve  the  applicability  of  ocean  research  to  the  national 
interests  in  quality  of  life,  national  security,  economic  development  and 
education /communication,  and 

-  directly  address  the  hurdles  identified  above. 

The  recommended  actions  are  targeted  to  three  groups:  1)  the  performers  of  research 
and  education  in  academia,  goverrunent  laboratories,  and  the  private  sector;  2)  the 
executive  agencies  of  goveniment  responsible  for  sponsorship  and  direction  of  ocean 
research,  and;  3)  the  legislative  branch  of  government,  responsible  for  authorizing  oceem 
research  and  development  and  appropriating  fxmds  in  that  regard. 

To  this  end  the  following  recommendations  are  made  in  these  areas: 

New  Partnership  Opportunities 

Definition  of  specific  research  and  education  opportunities  for  partnerships: 
These  partnerships  should  adhere  to  the  principles  cited  above,  and  should  focus 
on  optimizing  the  use  of  data,  resources  and  educational/communication  tools. 
The  partnerships  should  include  potential  involvement  by  all  sectors  of  research 
and  education. 

Management  Blueprint 

Integration  at  the  Federal  agency  and  non-Federal  agency  levels:  Develop  and 
implement  an  integrated  Federal  agency  to  non-Federal  agenc}'  partnership 
management  plan  to  help  provide  the  desired  level  of  effectiveness  and  cost 
efficiencies  in  the  execution  of  federally-funded  ocean  science  and  technology 
programs. 

Congressional  Involvement 

Involvement  of  Federal  legislators:  Specific  legislation  and  Congressional 
activity  must  be  initiated.  Recommendations  will  deal  with  short  term  actior« 
and  long  term  involvement  by  Congress.  These  recommendations  put  in  place 
the  pieces  needed  to  carry  out  the  new  partnerships  and  are  consistent  with  the 
management  plan. 

NEW  PARTNERSHIP  OPPORTUNITIES 

The  new  partnership  opportunities  have  been  defined  in  a  previous  section  of  this 
report.  These  opporturuties  build  upon  proven  capabilities  of  the  research  and 
educational  conununities,  yet  the  successful  implementation  of  the  partnerships  will 
require  a  suitable  management  plan. 
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THE  MANAGEMENT  BLUEPRINT 

Implementation  of  partnerships  requires,  in  addition  to  adherence  to  the  principles 
outlined  previously,  a  strong,  yet  flexible,  management  blueprint.  The  management 
issues  associated  with  conduct  of  research  are  complicated  by  the  planning, 
coordination  and  associated  details  required  of  an  effective  partnership.  The 
managem.ent  plan  must  deal  in  specific  terms  with  the  concerns  of  resources,  personnel, 
infrastructure,  schedules  and  deliverables.  All  of  these  categories  must  be  organized 
according  to  an  agreed  upon  set  of  priorities. 

To  facilitate  the  management  of  the  proposed  partnership  concepts,  a  management 
blueprint  must  be  developed  immediately  to  establish  the  operational  structure  and 
guidelines  for  the  concerns  listed  above. 

Resources 

The  initiatives  proposed  herein  reqviire  supplements  in  funding.  The  funding  source 
must  be  centralized  to  both  facilitate  its  obligation/commitment,  and  to  separate  it  from 
the  influences  of  mdividuai  mission  focus  of  a  specific  agency.  The  investment  of 
resources  should  be  planned  to  accommodate  the  plan  for  implementation  of  the 
partnership  initiatives  over  a  well-established  and  agreed  upon  phase-in  period 
(nominally  five  years).  An  estimate  of  the  additional  resources  required  to  implement 
all  of  the  proposed  initiatives  is  $30-50  million  per  year  over  that  time  frame  (for  a  total 
of  $250  million). 

Personnel 

The  issue  of  staffing  is  critical  to  successful  implementation  of  the  partnerships. 
Recalling  the  partnership  principle  of  'high-level  involvement',  there  must  be  a  long- 
standing oversight  committee  of  the  principal  operational  federal  agencies,  with  ex- 
officio  membership  from  the  Federal,  academic,  industrial  and  other  non-Federal 
sectors.  The  critical  nature  and  high  visibility  required  of  the  partnership  activities 
dictates  continued  involvement  by  the  highest  level  representatives  of  the  agencies. 
This  National  Ocean  Leadership  Council  (NOLC)  should  be  a  chartered  organization, 
with  formally  established  membership  requirements,  leadership  structure,  dedicated 
staffing,  and  meeting  schedules.  The  executive  activities  associated  with  project 
management  should  be  delegated  to  a  group,  arguably  the  same  as  the  Coordinating 
Group  of  this  partnership  initiative.  The  NOLC  would  report  on  an  annual  basis, 
highlighting  its  investment  priorities,  and  products  of  its  efforts,  in.  the  context  of 
national  needs  to  the  Administration  and  the  US  Congress.  A  conceptual  structure  is 
shown  in  Figure  2. 

Infrastructure 

The  successful  implementation  of  this  management  plan  cannot  rely  exclusively  on 
periodic  convening  of  the  Coordinating  Group  and  NOLC.  The  working  groups  shown 
in  Figure  2  would  be  the  agents  for  developing  plans  specific  to  particular  issues. 
Irutially  the  working  groups  would  function  as  planning  forums  for  specific  initiatives, 
such  as  those  identified  in  this  report.  The  definition,  charge  and  performance  schedule 
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of  each  working  group  woiild  be  provided  by  the  Coordinating  Group.  The  working 
groups  will  require  a  long-term,  full-time  management  infrastructure.  The  mechanism 
best  suited  to  this  management  is  a  project  office  which  responds  to  the  direction  and 
sponsorship  of  the  multi-agency  Coordinating  Group.  The  example  of  a  successful 
project  office  has  been  demonstrated  on  nimierous  occasions;  its  effectiveness  is 
maintained  through  a  balance  of  autonomy  in  how  it  conducts  its  business,  and 
formality  in  its  acco'ontability  and  reporting  requirements.  Such  an  infrastructure  must 
also  be  staffed  at  a  sufficiently  high  level  of  responsibility  to  facilitate  strong  working 
relationships  with  the  members  of  the  Coordinating  Group  and  the  NOLC  and  the  rest 
of  the  comn\unity.  This  project  office  must  also  be  pro\aded  with  the  authority  and 
resources  to  implement  the  recommendations  and  suggestions  of  the  Coordinating  Group. 


IP  Counal 


'  Chief  of  Naval  Operations  -  Co-chair 
'  Administrator,  NOAA  -  Co-chair 

•  Director,  NSF 

•  Adminstrator,  NASA 

•  Deputy  Secretary  of  Energy 

•  Director,  USGS 

•  Administraior,  EPA 

•  Director,  ARPA 

•  Director,  MUS 

•  Commandant,  USCG 

Ex  Officio  Members 

>  Presidents,  NAS,  NAB  and  loM 

>  Representative  from  OSTP  and  OMB 

>  Industrial  Representatives 

>  Other  Non-Federal  Representatives 


Project 
Office 


> 


CooTdinatinc  &OUD 

OR       NBF       NOAA   NASA    B>A 

UBGS     W.6      ARPA    OoE 

Oceanographer  of  Navy  Army  Corps  of  Engineers 

OA       USOG 

Acadernic  Representatives       Industry  Representative 

Other  non.federal  representatives 


Figure '. 


Schedules 


The  NOLC,  acting  as  the  oversight  and  reporting  component  for  the  Coordinating 
Group,  and  as  sponsor  to  the  activities  of  the  project  office,  will  develop  reports  on  an 
annual  basis  for  the  Administration  and  the  US  Congress,  as  specified  above.  This 
report  will  constitute  the  marine  science  component  of  a  Federal  science  and  technology 
investment.  In  this  regard,  the  annual  report  from  the  NOLC  can  serve  as  an  example 
component  of  the  implementation  of  a  national  science  and  technology  investment 
strategy  (congruent  with  the  current  thinking,  as  best  expressed  by  the  recent  report  of 
the  National  Academy  of  Sciences  to  the  US  Congress,  "Allocating  Federal  Funds  for 
Science  and  Technology",  1995).  Scheduling  of  the  annual  report  by  the  NOLC  should 
be  consistent  with  the  development  of  Federal  budget  submissions. 
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Deliverables 

The  most  significant  deliverable  from  this  activity  will  be  the  specific  initiatives 
identified  in  this  report.  The  annual  statement  from  the  NOLC  should  outline  the  nature 
of  the  ocean  partnerships  in  the  context  of  a  national  investment  strategy  in  marine 
science.  Clearly,  such  a  set  of  initiatives  would  be  primarily  responsive  to  the  objectives 
of  the  partners  (including  the  commercial  interests  of  the  private  sector,  the  educational 
and  research  interests  of  academia,  and  the  mission-oriented  needs  of  the  Federal 
agencies).  Consequently,  the  definition  of  products,  as  specified  in  the  report  from  the 
NOLC  should  be  required  to  address  the  extent  to  which  such  nationally  relevant 
mission  statements  as  the  Oceanography  Policy  of  the  Chief  of  Naval  Operations  (1995), 
and  the  NOAA  Strategic  Plan  (1995)  are  being  met. 

Specific  activities  are  required  to  begin  the  process.  The  management  plan  defined  in 
general  terms,  above,  requires  the  blessing  and  support  of  both  the  Executive  Branch  and 
the  US  Congress.  Involvement  falls  into  two  categories:  facilitation  and  oversight. 
Legislative  oversight  is  best  provided  through  the  development  of  a  coordinated  group 
of  members  of  Congress  with  interest  in  the  future  of  ocean  research  and  education  and  a 
recognition  of  the  role  such  efforts  can  play  in  the  protection  of  US  interests  in  national 
security,  economic  development,  quality  of  life  and  education.    Such  an  organization 
represents  the  long-term  support,  supervision  and  course  corrective  body  needed  for 
maintaining  both  strength  and  flexibility  in  these  efforts.  The  resource  exigencies  require 
immediate  action  in  the  form  of  legislation.  Arguably  the  Congressional  group  alluded 
to  can  play  a  strong  role  of  leadership  in  the  introduction  and  passage  of  such  enabling 
legislation. 

CONGRESSIONAL  INVOLVEMENT 

This  Interagency  Partnership  Initiative  reconvmends  the  following  two  specific  actions  in 
order  to  initiate  the  partnership  activities  broadly  defined  above. 

Establish  a  Congressional  Ocean  Task  Force 

The  financial  support  for  research  and  development  of  oceanography  is  largely  from 
public  sources,  particularly  the  federal  government.  Unfortvmately,  the  message  of  the 
worth  of  oceanography  is  hidden  because  of  the  support  role  it  plays  to  the  ocean-related 
industries  and  nahonal  defense.  If  the  oceanographic  commvmity  expects  to  receive  the 
fuU  measure  of  support  for  the  wide  range  of  investigation  topics  educational  initiatives, 
and  related  data  bases  it  requires,  convincing  arguments  must  be  articulated  to  decision 
makers  in  Congress  such  that  the  importance  of  oceanography  is  more  fully  understood 
and  effectively  competed  in  the  national  budget. 

In  the  104th  Congress,  new  committees  were  formed,  particularly  the  Committee  on 
Resources  and  the  Committee  on  Science  as  well  as  a  re-casting  of  tlie  House  Armed 
Service  Committee  into  the  National  Securit}'  Committee.  Each  of  thiese  committees  has 
some  functional  jurisdiction  for  oceanography.  In  addition,  the  oceajiography  sector,  as 
previously  stated,  involves  many  state,  academic,  professional  and  other  institutions  of 
interest  to  members.  A  forum  of  information  flow  is  essential  for  these  committees  and 
Members'  personal  staff. 
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Federal  agencies  seek  mordes  from  more  than  fort}^  authorization  and  appropriation 
Conunittees  and  Subcommittees.  In  light  of  the  breadth  of  national  missions  invoking 
ocean  sciences  (Table  1),  a  focus  for  Congressional  interests  is  urgently  needed.  An 
integratmg  process  does  not  now  exist.  The  task  force  we  are  proposing  satisfies  that 
need. 

The  fundamental  objective  of  a  congressional  task  force  would  be  to  provide  a  forum  of 
information  exchange  for  oceanography  and  an  opportunity  for  members  of  Congress 
to  understand  its  impact  on  the  many  business  and  social  sectors  that  are  associated 
with  national  defense,  economic  growth,  and  quality  of  life. 

A  partnership  of  members  of  Congress,  industry,  academia,  and  others  will  provide  an 
understanding  of  budget  realities,  pressure  and  prioritization  in  and  outside  of  the 
government  arena.  Without  a  full  understanding  budget  decisions  may  be  made 
adversely  for  oceanography.  Conversely,  where  new  opportvmities  exist  for  national 
security  or  industrial  growth,  members  may  seek  positive  budget  adjustments  for 
oceanographic  endeavors  that  will  enhance  the  discipline. 

The  product  from  such  a  task  force  will  be  a  cohesion  of  practical  leaders  supporting 
oceanography  in  those  budget  lines  that  require  state-of-the-art  oceanographic 
products.  The  fact  that  the  partnership  (cross-agency  and  industrial)  can  provide  a 
"good  news",  cost  savings  initiative  on  the  part  of  the  oceanographic  community  will 
demonstrate  that  we  are  not  "business  as  usual"  thinkers. 

Pass  Ocean  Partnership  Legislation 

There  are  two  major  milestones  in  the  approach  to  strengthening  the  impact  on 
society  of  the  oceanographic  community:  visibility  and  backing.  The  oceanographic 
community  is  not  limited  in  its  ideas  for  implementation  of  new  partnerships  (in 
fact,  the  Interagency'  Partnership  Initiative  served  to  generate  over  100  specific  ideas 
for  new  partnerships).  The  visibilit}'  required  to  launch  this  partnership  irutiative 
can  be  accommodated  through  the  development  of  the  task  force  described  above. 
Backing  must  come  in  the  form  of  substantive  support,  specifically  as  enabling 
legislation  which  also  defines  the  structure  and  operation  of  the  National  Ocean 
Leadership  Council. 

Legislation  supporting  the  definition,  development  and  implementation  of 
partnerships  in  oceanography  will  provide  the  impetus  needed  at  a  critical  time. 
The  United  States  is  looked  upon  by  the  world  as  a  leader  in  both  technology  and 
policy  for  the  marine  environment.  Nearly  thirty  years  ago  this  nation  took  a  bold 
step  forward  in  redefining  our  national  investment  in  ocean  sciences,  through  the 
implementation  of  the  recommendations  of  the  Stratton  Corrunission.  The 
opportunity  for  a  'reinvention'  of  federal  support  for  oceanography  is  upon  us. 
Through  legislation  %vritten  in  defense  of  developing  ocean  partnerships  this 
corrunuiiity  of  researchers  and  educators  will  be  charged  with  identifying  specific 
mechanisms  to  position  our  nation  in  a  leadership  role.  Congress  will  be  laying  the 
groundwork  to  carry  oceanography  and  our  society  into  the  next  millennium. 
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APPENDIX  III 
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Appendix  IV 

PAST  PARTNERSHIPS 
Appendix  IV.A. 

Title:   Eddy  Joint  Industry  Project  (EJIP) 

Issue:   How  can  we  identify  and  monitor  Loop  Current  (LC)  eddies  in  the  Gulf  of  Mexico  that 
might  impact  offshore  oil  and  gas  operations? 

Relevance:   Loop  Current  eddies  range  in  sizes  from  100  to  400  km  in  diameter,  and  have 
maximum  current  speeds  of  3-4  knots.  Because  they  have  the  potential  to  disrupt  offshore  oils 
and  gas  operations  (or  endanger  life  and  property),  their  presence  and  anticipated  movements 
are  of  great  importance.   Eddy  events  along  the  southern  Louisiana  coast  usually  last  1-4  weeks 
at  any  given  site,  and  may  cause  a  $100k/day  losses. 

Background  And  Approach:  Since  the  early  70's  loop  current  eddies  have  been  watched  closely 
by  offshore  industry  and  the  Minerals  Management  Service  (MMS  of  the  Department  of 
Interior)  as  potential  threats  to  operations.   With  the  movement  of  offshore  oil  and  gas 
activities  onto  the  upper  slope  in  the  mid-80's,  effective  means  of  continual  monitoring  was 
essential.  To  meet  the  need,  several  oil  and  gas  companies  formed  a  Joint  Industry  Project  (JIP) 
to  perform  hydrographic  surveys  in  suspected  eddies  and  to  deploy  drifting  sensor  packages 
in  confirmed  eddies.   The  MMS  was  initially  performing  independent  studies  of  eddy  dynamic 
properties  to  support  modeling,  but  opted  to  join  the  project  and  donated  instrumentation  and 
expertise. 

Partners:  Minerals  Management  Service,  Exxon,  Shell,  Marathon,  Texaco,  Chevron 

Motivating  Factor:   The  partnership  clearly  saved  money  for  all  partners,  but  a  further  bonus 
was  the  sharing  of  ancillary  data. 

Products:   Charts  of  hydrographic  survey  results,  drifting  buoy  trajectories,  data  transferred  to 
the  National  Oceanographic  Data  Center  (NODC). 

Impact  Or  Benefit:  Over  the  period  of  1985-1993,  approximately  15  eddies  were  monitored, 
resulting  in  greatly  improved  predictability  of  their  general  behavior  and  increased  warning 
time.  The  individual  leveraging  factor  would  have  been  about  6:1  as  each  company  shared 
equally  in  the  costs. 

Lessons  Learned:  Although  traditional  industrial  data  management  practice  has  been  quite 
conservative,  the  offshore  oil  and  gas  sector  has  been  flexible  and  accommodating  in  the 
cooperative  work  with  a  federal  agency.  A  number  of  practical  matters  were  identified  to  make 
these  dealings  smoother,  but  no  fundamental  impediments  were  identified. 


727 


41 
Appendix  IV.B. 

Title:   MEDEA:   Scientific  Utility  of  Naval  Oceanographic  Data 

Issue:   What  is  the  quality  of  Navy  held  classified /unclassified  data  sets  and  modeled  data,     ' 
and  what  is  its  civil  utility? 

Relevance:  By  increasing  access  to  Navy's  vast  global  ocean  data,  it  is  possible  to  gain  new 
knowledge  about  ocean  processes  with  utility  for  the  Navy  and  civilian  concerns.   The  review 
resulting  from  this  partnership  could  also  serve  to  verify  or  modify  the  Navy's  ocean  data 
collection  and  management  skill. 

Background  and  Approach:   Building  on  the  bi-partisan  Environmental  Task  Force  (ETF) 
experience  of  1992,  the  Commaiider  Naval  Meteorology  and  Oceanography  Command  asked 
the  ETF  successor  group,  MEDEA,  to  review  Navy  data  and  model  holdings  for  quality  and 
civilian  utility.  A  report  of  their  findings  was  published  in  July  1995.  The  approach  used  was 
modeled  on  ETF  s  review  of  reconnaissance  satellite  imagery.   Twelve  scientists  from  academia 
and  industry  were  cleared  to  see  Navy  classified  data.  They  reviewed  the  data  at  Navy's  three 
oceanographic  production/archival  centers  together  with  Naval  officers  and  civilians.   The 
final  report,  the  product  of  the  MEDEA  panel,  made  judgments  on  data  and  data  management 
quality,  recommendations  on  data  declassification  and  recommendations  for  subsequent  Navy- 
civilian  partnerships. 

Partners:  Navy,  academia,  industry.  Central  Intelligence  Agency 

Motivating  Factors:  To  potentially  increase  oceanographic  knowledge  for  Navy  and  civilian 
purposes  by  making  vast  new  data  sources  available  to  the  nation's  scientists,  assuming  some 
part  of  the  classified  data  could  be  declassified.  The  motivating  philosophy  of  the  study  was: 
"security  through  achievement,  not  concealment". 

Products:  An  in-depth  review  which  validated  the  quality  of  Navy  data;  a  report  which  lays 
out  a  list  of  data  sets  with  civilian  utility;  re-established  long  dormant  ties  between  Navy's 
operational  oceanographers  and  the  nation's  top  civilian  research  oceanographers. 

Impact:  The  real  impact  on  scientific  knowledge  is  yet  to  be  seen  and  will  in  part  be  based  on 
Navy  declassification  actions  over  the  next  year  or  two.  However,  closer  ties  and  great 
understanding  between  the  Navy  and  civilian  oceanographers  has  already  accrued. 

Lessons  Learned:  Such  experiences  carmot  be  so  successfully  completed  without  strong 
commitment  of  both  sides.  Top  quality  people,  compensated  for  their  time,  guarantees  a  good 
product. 
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Appendix  IV.C. 

Title:  World  of  Water  Program 

Issue:  How  can  middle  school  students  engage  in  the  rigorous  and  effective  study  of  mathematics, 
science,  and  computers  while  having  fun? 

Relevance:  Much  of  the  American  adult  populahon  has  negative  attitudes  towards  learning  science  and 
mathematics  which  has  lead  to  scientific  and  technological  iUiteracy  and  behaviors  that  threaten  our 
environment. 

Background  and  Approach:  Middle  school  students  participated  in  a  residential  program  at  the 
University  of  South  Florida  for  2  weeks.  Community  resources  pertaining  to  water  were  used  to  illustrate 
the  interpretation  of  mathematics,  science,  technology,  and  society  to  preserve  the  environment.  Basic 
mathematics  and  science  concepts  were  studied  on  a  need-to-know  basis  as  they  arose  during  inquiries  in 
different  environments  (e.g.  the  physics  of  sailing,  the  chemistry  of  the  oceanarium  at  EPCOT,  the 
biologicctl  and  chemical  processes  in  sewage  treatment  at  a  tertiary  plant). 

Exploring  mud  flats  and  snorkeling  enabled  students  to  collect  data  about  organisms  in  their  natural 
habitats.  Things  as  diverse  as  mariculture,  hurricanes,  regulations  regarding  turtles  and  fisheries,  and 
beaching  of  whales,  the  scarring  of  manatees,  and  water-related  entertainment  contributed  to 
understanding  the  impact  of  ocecinography  on  Florida's  economy. 

Partners:  College  of  Education  at  the  University  of  South  Florida,  several  other  colleges  at  the  University 
of  South  Florida,  Florida  State  Legislature,  Florida  Department  of  Education,  Florida  Department  of 
Natxiral  Resources,  Florida  Institute  of  Oceanography;  Red  Cross,  Tampa  Bay  Port  Authority,  Florida 
Phosphate  Council,  IBM,  GTE,  Hooker  Point  Waste  Water  Treatment  Plant,  local  TV  station,  local 
newspaper,  all  the  K-12  school  districts  in  Florida,  private  sailboat  owners,  county  parks/departments. 

Motivating  Factor  Partners  perceive  themselves  to  be  stakeholders  in  improving  education  locally  and  it 
was  good  publicity  for  everyone  involved. 

Products:  Activities  that  teachers  could  perform  with  their  own  classes  during  the  year,  contacts  with  the 
oceanographic  conununity,  a  model  for  transdisciplinary  education,  a  model  for  collaborative 
management  in  schools. 

Impact  or  Benefit  For  9  years  the  program  served  to  motivate  students  to  perform  well  in  regular  schools 
so  they  would  be  successful  candidates  for  the  World  of  Water  Program.  Teachers  had  opportunities  to 
turn  theory  into  practice.  Research  on  the  program  generated  a  model  for  middle  school  education. 
Many  participants  in  the  program  have  become  science  majors  eind  have  expressed  new-found  concern 
for  the  marine  environment 

Lessons  Learned:  The  key  to  success  in  learning  is  developing  a  teaching/learning  environment  which 
learners  perceive  to  be  risk  free,  therefore  encoiuaging  them  to  take  the  intellectual  risks  necessary  for 
creative  concept  building.  This  model  has  been  extrapolated  to  audiences  from  elementary  schools  to 
graduate  schools.  Discovering  ways  to  work  with  a  multihide  of  diverse  organizations  toward  a  common 
goal  wcis  another  profitable  lesson. 
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Appendix  IV.D.  . 

Title:  JASON  Project 

Issue:  Bringing  real  time  science  to  students  through  telepresence 

Relevance;  Via  telepresence,  students  watch  and  participate  in  scientific  research  as  it  is  conducted  in  the 
field  and  laboratories. 

Background  and  Approach: 

Dr.  Robert  Ballard  of  Woods  Hole  Oceanographic  Institution  (WHOI),  while  exploring  the  Titanic  wreck 
site  used  a  remotely  operated  vehicle  (ROV),  Jason  Jr.,  tethered  to  the  deep  submergence  vehicle,  Alvin. 
Jason  Jr.,  or  "JJ"  as  the  ROV  was  referred  to  by  crew  members,  included  video  cameras  and  was 
controlled  from  the  Alvin.  Ballard  realized  that  it  would  be  possible  to  send  the  video  images  back  to  tlie 
surface  and  broadcast  to  laboratories  or  other  sites.  Ballard  teamed  with  Electronic  Data  Systems  (EDS), 
Turner  Broadcasting  System  (TBS)  and  museums  in  the  United  States  and  Canada  to  form  the  JASON 
Foimdation  for  Education.  For  a  two  week  time  period  EDS  supplies  the  telecommunications  technology 
from  the  dive  sites  and  combines  it  with  prepared  material  to  produce  four  50  minute  programs  a  day  for 
two  weeks.  The  show  is  sent  via  satellites  to  the  museum  sites  for  screening  on  large  projection  systems. 
Shidents  attend  the  sessions  and,  through  interactive  links,  are  able  to  question  scientists  on  site  and 
control  the  ROV.  In  addition  to  the  scientists,  their  support  staff,  and  tlie  television  crews,  students  and 
teachers  are  selected  to  accompany  the  team.  The  students  and  teachers  take  part  in  the  broadcast  and 
work  witl-i  the  scientists  during  the  broadcasts  and  visit  other  sites  of  interest.  Since  the  first  program  in 
1989  to  the  Mediterranean  Sea,  the  JASON  project  has  visited  the  Great  Lakes,  Galapagos  Islands,  Belize, 
Sea  of  Cortez  and  Hawaii.  During  the  initial  years  of  the  program  the  National  Science  Teachers 
Association  (NSTA),  funded  by  a  grant  from  the  National  Science  Foundation,  developed  a  curriculum 
for  teachers  to  use  to  prepeire  students  for  the  excursion  to  the  museum.  The  National  Council  for  the 
Social  Studies  (NCSS),  EDS,  TBS,  museum  sites  and  the  JASON  Foundation  for  Education  assisted  iii  the 
development  of  the  curriculum.  The  curriculum  integrates  technology,  science,  mathematics,  and  social 
studies  into  a  series  of  activities  designed  to  provide  background  information  to  the  student  so  the 
museum  visit  becomes  more  than  an  outing  to  watch  a  television  broadcast.  A  key  component  of  the 
curriculum  project  was  teacher  enhancement  sessions  at  the  museum  sites  to  introduce  the  curriculum. 

Partners:  Private  foundations,  professional  societies  (NSTA,  NCSS),  government  (NSF  and  ONR), 
industry  (EDS  and  TBS),  museums  and  science  centers,  school  districts,  academia. 

Motivating  Factor:  The  major  motivation  was  to  give  students  a  d-iance  to  watch  science  in  action  thus 
countering  some  of  the  stereotypical  characterizations  of  scientists. 

Products:  JASON  ctirriculum  materials  (one  for  each  year),  two  weeks  of  Uve  broadcasts  and  thousands 
of  motivated  students,  as  well  as  an  estat  joshed  site  on  the  World  Wide  Web  (http:// 
seawifs.gsfc.nasa.gov/Jason.htmi). 

Impact  or  Benefits:  Increased  student  awareness  of  scientific  processes,  tlie  nature  of  science  as  an 
integrated  endeavor,  and  the  possible  career  opportunities  in  science  and  technology. 

Lessons  Learned:  T>ie  curriculum  is  vital  in  that  it  helps  students  understand  the  nature  of  the  live 
program  they  are  watcliing.  The  teacher  workshops  are  necessary  to  introduce  the  scope  of  the  materials 
to  the  teachers. 
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Appendix  IV.E. 

Title:   Institute  for  Naval  Oceanography  (INO) 

Issue:   How  can  the  Navy  best  "jump  start"  its  numerical  ocean  modeling  capability? 

Relevance:   Being  able  to  analyze  and  predict  key  ocean  structure  features  on  a  basic  scale, 
much  as  had  been  done  w^ith  weather,  would  help  Navy  decide  where  best  to  place  their 
tactical  assets  and  optimize  their  weapons. 

Background  and  Approach:  At  the  time,  mid-1980s,  it  was  thought  that  ocean  modeling, 
remote  sensing  and  computational  capabilities  had  all  matured  to  the  level  that  a  real  "sea 
change"  in  ocean  prediction  capability  would  occur  if  effort  and  resources  were  focused  on 
that  smgie  mission;  a  mini  "Manhattan  Project"  for  the  oceans.   The  Chief  of  Naval  Operations 
(CNO)  and  Secretary  of  the  Navy,  in  1984,  created  a  quasi-government  organization  with  the 
Naval  Oceanographic  Research  and  Development  Activity  (NORDA)  in  Mississippi  to  work  on 
this  single  initiative.   INO  was  a  contract  organization  under  University  Consortium  for 
Atmospheric  Research  (UCAR),  but  imbedded  within  NORDA,   INO  was  funded  with  basic 
research,  exploratory  development,  and  advanced  development  moneys,  basic  research  being 
the  largest  contributor  by  far.   The  work  was  restricted  to  the  unclassified.   The  INO  was 
disbanded  in  1992  at  the  recommendation  of  the  Commanding  Officer/Director  of  Research  of 
the  Naval  Research  Lab  (the  evolutionary  home  for  INO)  with  concurrence  of  the  President 
UCAR.   The  dissolution  was  approved  by  the  Chief  of  Naval  Research  (CNR). 

Partners:   Navy,  UCAR,  academic  investigators,  and  an  academic  advisory  board. 

Motivating  Factor:   Opportunity  to  "jump  start"  a  global  ocean  modeling  capability  for  the 
Navy  with  obvious  spillover  to  meet  civil  oceanographic  interests. 

Products:   Several  data  assimilation,  handling,  analysis,  and  predictive  techniques  and  conduct 
of  several  model  "bake  offs"  using  standard  data  sets. 

Impact:   Some  benefits  in  technique  development,  albeit  not  in  the  jump-start  category.   Direct 
focus  on  the  burgeoning  national  ocean  modeling  capability  at  several  universities. 

Lessons  Learned:   To  be  successful,  an  initiative  such  as  INO  requires  highly  visible,  consistent 
support  at  the  highest  levels.   Long-term  commitment,  in  accordance  with  the  mission  of  the 
organization,  is  also  required.   The  institution  must  also  be  defined  so  as  to  avoid  duplication 
of  similar  efforts,  while  allowing  a  mission  which  complements  those  other  organizations. 
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Appendix  IV.F.  ;  '■'■  \ 

Title:  The  National  Ice  Center  (NIC):  A  twenty  year  partnership. 

Issue:   How  can  real  time  global  ice  information  and  operational  ice  predictions  be  developed 
and  delivered  to  government  and  private  users  in  a  time  of  decreasing  resources? 

Relevance:  In  the  submarine/ballistic  missile  age  the  Arctic  Ocean  is  an  important  area  of 
potential  military  conflict.  Arctic  research  expeditions  conducting  military  related  research 
need  ice  information.  World  wide  ice  coverage  is  also  relevant  to  questions  of  global  climate 
change. 

Background  and  Approach:  The  National  Ice  Center  provides  real-time  worldwide  ice 
information  and  predictions  to  support  Polar  Naval  operations.  Coast  Guard  icebreaker 
operations  in  the  Arctic,  Antarctic,  Great  Lakes  and  NE  US  Coast.   It  was  called  the  Joint  Ice 
Center  QIC)  until  April  1995  when  ongoing  US  Coast  Guard  (USCG)  participation  was 
recognized  with  a  Memorandum  of  Agreement  (MoA).   By  formal  definition,  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA)  provides  satellite  data  and  personnel.  Navy 
provides  analysis  of  data,  persormel  amd  organizational  leadership,  and  USCG  provides 
aircraft,  sensors,  and  personnel. 

Partners:  Navy,  NOAA  and  US  Coast  Guard 

Motivating  Factors:  Decreasing  assets  with  continuing  need  for  ice  products  by  all  partners. 
Need  for  diverse,  expensive  facilities  to  support  mission:  satellite  data/processing,  aircraft, 
sensors,  expert  personnel. 

Impact  or  Benefit:  The  NIC  has  become  the  US  center  of  excellence  in  the  analysis  of  satellite/ 
airborne  ice  imagery.  It  is  currently  the  national  center  and  Washington  DC  communications 
node  for  Synthetic  Aperture  Radar  (SAR)  data  downlinked  to  the  Alaska  SAR  facility  and  the 
national  center  for  the  creation  of  operational  ice  products  from  satellite  SAR  images. 

Lessons  Learned:   (1)  Formally  established  interagency  organizations  in  which  products  are 
valuable  to  all  participants  can  share  resources/personnel  and  leadership  to  serve  all  partners; 
(2)  Partnerships  can  develop  significant  national  capabilities  beyond  the  capacity  of  any  single 
agency;   (3)  Well  defined  organizational  structure  and  responsibilities  and  flexibility  in  the  use 
of  uncommitted  but  often  available  resources  have  supported  NIC  success. 
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Appendix  IV.G. 

Title:  The  Sea  Grant  College  Program 

Issue:  How  to  support  and  encourage  high  quality  university-based  applied  marine  research, 
education  and  extension,  consistent  with  NOAA  marine  stewardship  missions. 

Relevance:  Through  university-based  research  programs.  Sea  Grant  directly  influences  marine 
resource  development  and  management  by  providing  research,  advice  and  outreach  services. 
Research  focus  includes  marine  resource  development  (i.e.,  fisheries,  marine  biotechnology), 
ecosystem  protection,  and  estuarine  resource  management  addressing  NOAA  mission  issues  on 
a  local  level.   Sea  Grant  education  and  extension  functions  provide  the  means  to  disseminate 
information  to  the  public  and,  in  an  interactive  mode,  to  targeted  user  groups. 

Background  and  Approach:   Individual  Sea  Grant  institutions,  working  with  local  universities, 
issue  a  Request  for  Proposals  to  conduct  relevant  research  as  defined  through  an  interactive 
process  with  NOAA.  The  Sea  Grant  institution  then  prepares  a  two-year  omnibus  proposal 
consisting  of  a  number  of  sub-proposals,  which  are  subjected  to  a  merit  review  by  NOAA.  A 
final  program  is  then  negotiated  within  budgets  provided  by  Congress.  There  is  a  33%  cost 
share  required  by  law  which  consists  of  state  and  industry  dollars. 

Partners:   NOAA,  academia,  state  agencies  and  legislatures,  private  industry,  and  sometimes, 
other  Federal  agencies. 

Motivating  Factor:  The  need  to  support  and  encourage  applied  marine  research  on  a  local  or 
regional  level  by  utilizing  the  already  existing  expertise  resident  in  oceanographic  research 
institutions.  Also,  the  need  for  a  local  mechanism  to  disseminate  information. 

Products:  The  Sea  Grant  program  provides  research  results,  workshop  proceedings, 
informative  publications,  graduate  student  stipends.  Congressional  fellowships,  advice  to 
coastal  communities,  and  training. 

Impact  Or  Benefit:   Sea  Grant  allows  academics  to  conduct  research  not  normally  supported  by 
agencies  with  extramural  funds  (e.g.  fishery  research).  Allows  academics  to  better  serve  the 
marine  community  within  the  states.   Makes  research  findings  and  results  relevant  by 
providing  an  information  transfer  mechanism. 
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Appendix  IV.H.  ^  i 

Title:  Ocean  Technology  Center  (A  NSF  Sponsored  Industry-University  Cooperative  Research 
Center) 

Issue:  The  Ocean  Technology  Center  structure  offers  its  members  opportunities  to  direct 
research  in  marine-relevant  areas  of  interest  that  may  be  applied  (but  not  limited)  to  such  end 
uses  as  the  development  of  new  products  and  services.  It  also  provides  a  forum  for 
exchanging  ideas  among  the  members  and  access  to  university  faculty  and  facilities  that  can 
address  specific  technical  problems. 

Relevemce  and  Background:  Although  the  Center  is  relatively  new  (October  1993),  it  builds  on 
a  tradition  of  marine  system  development  at  the  University  of  Rhode  Island.   Expertise  in  areas 
such  as  acoustical  ocean  mapping  and  environmental  monitoring  systems  present 
opportunities  for  transfer  from  a  cold  war  military  mission  to  changing  federal  and  private 
sector  markets.  An  Industrial  Advisory  Board  made  up  of  Center  members  directs  research 
topics  to  ensure  that  they  are  relevant  to  this  marketplace. 

Partners:   National  Science  foundation.  Naval  Oceanographic  Office,  US  Geological  Survey, 
Pacific  Marine  Geology  Branch,  Naval  Underwater  Warfare  Center,  Raytheon,  Datasonics,  Inc., 
SEA  CORP,  SeaBeam,  Applied  Science  Associates. 

Motivating  Factor:  The  Ocean  Technology  Center  was  developed  to  address  common  areas  of 
interest  between  the  industrial/federal  laboratory/university  communities  in  marine-related 
technologies.  Members  have  access  to  all  results  of  Center-sponsored  research  and  may  obtain 
exclusive  rights  to  intellectual  property. 

Products:   During  its  first  year  of  operation,  the  Center  launched  five  projects.  One  project  will 
develop  a  communications  and  display  network  to  support  coastal  environmental  monitoring, 
while  another  is  investigating  the  properties  of  "acoustic  bullets."  An  underwater  winch 
system  developed  during  the  first  seven  months  of  the  Centers'  existence  promises  to  become 
its  first  success  story. 

Impact  or  Benefit:  The  objective  of  the  Ocean  Technology  Center  is  to  offer  its  expertise  in 
marine  technology  to  appropriate  public  and  private  sector  interests  that  will  create 
opportunities  for  the  development  of  new  products,  services  and  technologies. 

Lessons  Learned:  Greater  industrial  involvement  is  needed  as  the  Center  goes  forward. 
Research  direction  initially  was  proposed  by  academics  and  disposed  by  the  Industrial 
Advisory  Board.   Flexibility  in  the  program  will  allow  changes  to  the  structure.   In  fact,  efforts 
are  underway  to  modify  the  process  of  research  direction.  Additional  financial  and  technical 
resources  can  be  included  to  define  new  markets  and  assist  in  getting  from  product  concept  to 
market  particularly  for  smaller  industrial  members. 

Opportunity:  The  Ocean  Technology  Center  can  be  used  as  a  mechanism  to  launch  marine 
technology  related  initiatives  that  can  benefit  the  overall  economic  development  of  Rhode 
Island  and  the  region. 
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Appendix  IV.I. 

Title:  Operation  Pathfinder:  Oceanography  and  Coastal  Processes  for  Elementary  and  Middle  School 
Teachers  of  Predominantly  Minority  Students 

Issue:  Elementary  and  Middle  School  teachers  desire  and  need  enhanced  knowledge  relative  to 
oceanography  and  coastal  processes.  This  study  is  also  a  form  of  recruitment  for  minority  students  in  the 


Relevance:  Since  more  and  more  people  are  moving  to  this  coimtry's  coasts,  people  in  general  need  to  be 
more  aware  of  the  fragility  and  interconnectedness  of  this  watery  planet.  Increased  numbers  of 
minorities  should  be  vital  components  of  this  multidisdplinary  cirena. 

Backgrovmd  and  Approach:  A  two-week,  three  semester  hour  graduate  course  is  being  taught  in  six 
different  regions  of  the  country.  The  content  of  these  courses  involves  marine  and  estuarine  pollution, 
deep  sea  technologies,  marine  and  aquatic  habitats,  plate  tectonics,  physical  parameters,  and  marine  and 
aquatic  resources.  Each  region  may  have  a  maximimi  of  twenty  teachers  of  predominantly  minority 
students.  Teachers  are  provided  resource  materials  and  must  each  develop  a  homework  assignment  on 
each  of  the  six  topics.  Six  cooperative  groups  of  three  or  four  teachers  design  and  implement  a  staff 
development  program  which  is  presented  in  class  and  subsequently  presented  in  his/her  school  district. 
Guest  scientists  and  field  trips  reinforce  these  content  areas. 

Partners:  US  Navy  (Office  of  Naval  Resecirch,  Oceanographer  of  the  Navy,  Naval  Meteorology  and 
Oceanography  Command,  Naval  Research  Laboratory),  Depeirtment  of  Interior's  Office  of  Territorial 
Affairs,  Sea  Grant  Program,  NOAA's  Sea  Grant  Program,  NOAA's  National  Environmental  Satellite,  Data 
and  Information  Service  (NESDIS),  National  Marine  Educators  Association  (NMEA),  and  academia  (the 
program  is  hosted  by  an  institution  of  higher  learning  in  each  region). 

Motivating  Factor  Teaching  teachers  and  introducing  increeised  numbers  of  minorities  to  the  sciences. 

Products:  Teachers  with  augmented  content  knowledge  teaching  skills;  students  with  enhanced 
understanding  of  the  species  interconnectedness  of  the  marine  envirorunent;  resource  materials  which 
can  be  integrated  within  existing  curricula;  and  minority  recruitment  stiategies. 

Impacts  or  Benefit  The  "multiplier  effect"  inherent  in  teaching  teachers  is  usually  cost  and  time  effective. 

Lessons  Learned:  Success  can  be  attributed  to  need  and  partners  enthusiasm  and  vision  in  sharing  costs 
and  meeting  the  educational  challenges  of  the  21st  century. 
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Appendix  IV.J. 

Title:  Academic  Fleet  and  Deep  Submergence  Assets  .  - 

Issue:  How  can  the  nation  provide  and  maintain  premier  capability  for  facilities  for  oceanographic 
research,  training,  and  education? 

Relevance:  A  modem  and  efficieitt  research  ship  fleet,  including  deep  submergence  assets,  is  essential  to 
meet  research  requirements  for  aE  major  oceanographic  programs. 

Backgroimd  and  Approach:  The  academic  research  fleet  in  the  1950s  and  1960s  consisted  primarily  of 
surplus  ships  from  the  war  effort.  In  the  early  1970s  the  University-National  Oceanographic  Laboratory 
System  (UNOLS)  was  established  with  membership  by  all  major  ship  operating  institutions  and  federal 
sponsor  agencies.  Basic  principles  include  open  access  to  all  UNOLS  vessels  by  all  federal,  state,  and 
local  research  programs,  joint  planiung  for  new  and  replacement  ships  with  open  competition,  and 
common  operating,  safety,  and  budgetary  standards.  Deep  submergence  assets,  i.e.,  ALVIN,  were  added 
in  the  mid-1970s  and  expanded  to  include  programs  for  Navy  operational  assets  in  early  1990s,  i.e.,  NR-1, 
Sea  Cliff,  Turtle,  and  access  to  fleet  submarines  for  Arctic  research. 

Corxstruction  of  new  research  ships  from  1970  hence  was  a  three-way  partnership  between  Navy,  NSF, 
and  academic  institutions  and  was  based  on  plans  cooperatively  developed  through  this  partnership.  In 
general.  Navy  buUt  the  larger  replacement  research  ships  with  expeditionar}'  and  global  capabilities. 
National  Science  Foundation  buUt  and  acquired  intermediate  ships  for  regional  and  coastal  studies,  and 
institutions  provided  smaller  ships  for  local  research.  Operations  support  is  provided  by  nine  federal 
agencies  and  as  required  state  and  institutional  sources.  The  28  ships  of  the  UNOLS  fleet  coupled  to  deep 
submergence  science  assets  and  operating  agreements  provide  the  world's  premier  capability  for 
oceangoing  research. 

Partners:  Research  ships  were  constructed  or  acquired  by  Navy,  National  Science  Foundation,  and  some 
institutions  with  Navy  providing  most  major  facilities.  Deep  submergence  capabilities  provided  by  Navy. 
Operations  support  is  primarily  from  National  Science  Foimdation  with  significance  participation  by  the 
Office  of  Naval  Research  and  the  National  Oceanic  and  Atmospheric  Administration  and  lesser  use  by 
Department  of  Energy,  United  States  Geological  Survey,  Environmental  Protection  Agency,  Minerals 
Management  Service,  Advanced  Resewch  Projects  Agency,  Navy  laboratories,  and  institutional  sponsors. 

Motivating  Factors:  Capital  costs  for  seagoing  platforms-ships  and  submersibles  are  very  large. 
Capabilities  required  to  meet  research  needs  of  different  agencies  are  similar.  Common  benefit  to  all 
agencies  from  sheired-use  facilities. 

Products:  Oceanographic  data  and  research  studies. 

Impact  or  Benefit:  US  has  the  premier  academic  research  fleet  in  the  world  with  cost  savings  to  all  federal 
agencies.  There  is  no  duplication  of  fadlities,  and  enhancements  and  improvements  by  any  sponsor 
available  to  all  parties.  The  combination  of  Navy-led  capital  improvements  and  provision  of  access  to  Navy 
operational  deep  submergence  assets  with  NSF-led  operations  support  enabled  the  US  community  to  obtain 
and  operate  the  research  fadlities  required  for  international  leadership  in  ocean  sciences. 

Lessons  Learned:  UNOLS  is  very  successful  with  a  minimum  of  conflict.  The  key  is  a  clear  statement  of 
common  objectives  £md  a  common  interest  of  federal  sponsors  and  users  and  academic  institutions. 
Academic  control  of  management  and  operations  of  research  ships  to  meet  institutional  and  national 
needs  with  federal  oversight  and  leadership  of  capital  asset  acquisition  and  assignment  has  worked  very 
effectively. 
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Appendix  IV.K. 

Title:  California  Cooperative  Oceanic  Fisheries  Investigations  (CalCOFI) 

Issue;  How  can  we  predict  the  success  of  pelagic  fishery  stocks? 

Relevance:   Predictions  can  be  used  to  manage  the  fisheries  (sardine,  mackerel,  anchovy). 

Background  And  Approach:  Warnings  of  the  imminent  collapse  of  the  sardine  fishery  in  the 
1940's  prompted  California  biologists  and  oceanographers  to  pool  resources  and  start 
monitoring  fish,  plankton  and  oceanographic  processes  at  a  scale  encompassing  the  California 
current  ecosystem.   Cooperation  between  the  National  Marine  Fisheries  Service  (NMFS), 
California  Fish  and  Game  Department,  Scripps  Institution  of  Oceanography,  and  Hopkins 
Marine  Station  lead  to  joint  monthly,  quarterly  and  annual  cruises  along  the  present  transect 
from  Oregon  to  Baja  California.   Dynamics  of  sardine  population  and  recruitment  were  defined 
in  the  context  of  interannual  ocean  variability.   Predictions  were  made  and  provided  to 
managers  for  action.   The  program  continues  today. 

Partners:  Scripps  Institution  of  Oceanography;  NMFS  La  Jolla  (NOAA  vessels),  California 
Department  of  Fish  and  Game  (state  vessels);  Hopkins  Marine  Station.  Additional 
partnerships  have  included  Mexican  fishery  and  oceanographic  agencies. 

Motivating  Factor:  Partnerships  developed  because  issues  covered  huge  geographic  areas,  and 
expertise  existed  within  a  broad  base  of  federal,  state,  academic  and  industrial  sectors.  There 
was  a  need  to  respond  to  the  outcry  to  do  something  about  declining  fisheries. 

Products:   Predictive  capability  for  sardine  and  related  pelagic  fish  was  developed  and 
disseminated.   CalCOFI  atlases  of  the  oceanography  and  productivity  of  California  current  was 
produced.   New  species  reports  and  life  histories  of  hundreds  of  species  were  prepared. 
Hundreds  of  administrative  and  technical  reports  and  peer-reviewed  publications  ensued. 

Impact  Or  Benefits:   Target  stock  has  been  protected  and  is  now  recovering. 
Associated  species  stocks  have  been  protected  and  have  been  recovering.   Major  understanding 
was  developed  regarding  long-term  changes  in  fishery  stocks  and  the  forces  that  control  them. 
The  program  provided  the  first  documents  on  the  impact  of  El  Nino  on  US  fisheries. 

Lessons  Learned:  Fisheries  operate  on  long-term,  large  scale  basis.  One  organization  can't 
persist  with  long-term,  large  scale  programs.  CalCOFI  succumbed  to  funding  cuts  in  1970's 
and  suffered  a  critical  data  "hole". 
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Acronyms  and  Abbreviations 

ARPA Advanced  Research  Projects  Agency 

CalCOFI California  Cooperative  Oceanic  Fisheries  Investigations 

CIA Centi-al  Intelligence  Agency 

CNO Chief  of  Naval  Operations 

CORE Consortium  for  Oceanographic  Research  and  Education 

DOE Department  of  Energy 

EJIP Eddy  Joint  Industry  Project 

EPA Environmental  Protection  Agency 

ETF Environmental  Task  Force 

GOOS Global  Ocean  Observing  System 

IDBMS Integrated  Data  Base  Management  System 

IGOSS Integrated  Global  Ocean  Services  System 

INTO Institute  for  Naval  Oceanography 

loM Institute  of  Medicine 

lUSS Integrated  Undersea  Surveillance  System 

jfIC Joint  Ice  Center 

LTER Long  Term  Ecosystem  Research 

MEDEA Measurement  of  Earth  Data  for  Enviroiunental  Analysis 

MMS Minerals  Management  Service 

NAE National  Academy  of  Engineering 

NAS National  Academy  of  Sciences 

NASA National  Aeronautics  and  Space  Administration 

NCSS National  Council  for  the  Social  Studies 

NESDIS National  Environmental  Satellite,  Data,  and  Information  SerWce 

NIC National  Ice  Center 

NMEA National  Marine  Educators  Association 

NMFS National  Marine  Fisheries  Service 

NOAA National  Oceanic  and  Atmospheric  Administration 

NOLC National  Ocean  Leadership  Council 

NODC National  Oceanographic  Data  Center 

NORDA Naval  Oceanographic  Research  and  Development  Activity 

NOS National  Ocean  Service 

NRC National  Research  Council 

NRL Naval  Research  Laboratory 

NSF National  Science  Foundation 

NSTA National  Science  Teachers  Association 

OMB Office  of  Management  and  Budget 

ONR Office  of  Naval  Research 

OSTP Office  of  Science  and  Technology  Policy 

ROV Remotely  Operated  Vehicle 

S&T Science  and  Technology 

SAR Synthetic  Aperture  Radar 

TOGA Tropical  Ocean  -  Global  Atmosphere 

UCAR University  Corporation  for  Atmospheric  Research 

UNOLS University  -  National  Oceanographic  Laboratory  System 

USACoE United  States  Army  Corps  of  Engineers 

USCG United  States  Coast  Guard 

USGS United  States  Geological  Survey 
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